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MINUTES  OF  MEETINGS. 


OP  THE  SOCIETY. 


THIRTY-FOURTH  ANNUAL  CONVENTION,  HELD  AT  WASH- 
INGTON, D.  C,  MAY  aoth,  aist,  aad  aod  ajd^  ipoa. 


Opening  Session,  Tuesday,  May  aotti,  190J. — The  meeting  was 
called  to  order  at  10  a.  m.  by  Mordecai  T.  Endicott,  M.  Am.  Soc.  C. 
E.,  Chairman  of  the  Committee  of  the  Board  of  Direction  on  the  An- 
nual Convention. 

The  Chairman  introduced  the  Hon.  H.  B.  F.  Macfarland,  President 
of  the  Boitrd  of  Commissioners  of  the  District  of  Columbia,  who,  in  a 
brief  speech,  welcomed  the  Society  to  the  national  capital.  The 
Chairman  thm  introduced  Bear  Admiral  George  W.  MeWille,  Hon.  M. 
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Am.  Soc.  C.  £.,  Chairman  of  the  Local  Committee  of  Arrangements, 
who,  in  behalf  of  the  local  members,  extended  a  hearty  welcome  to 
the  Members  of  the  Society  and  their  gaests. 

The  President,  Robert  Moore,  M.  Am.  Soc.  C.  £.,  then  took  the 
chair,  and  introduced  Chas.  Warren  Hnnt,  Secretary,  Am.  Soc.  C.  £., 
who  presented  a  sketch  of  the  history  of  the  Society  during  its  first 
fifty  years. 

General  William  P.  Craighill,  Past-President,  Am.  Soc.  C.  £., 
moved  that  a  telegram  of  congratulation  be  sent  to  Mr.  Robert  B. 
Gorsuch,  the  first  Secretary  of  the  Society,  and  who,  according  to  Mr. 
Hunt's  report,  is  the  only  survivor  of  those  who  founded  the  Society 
in  1852.     The  motion,  duly  seconded,  was  carried  unanimously. 

The  following  message  was  sent: 

**  Washington,  D.  C, 

*' May  20th,  1902. 

**  KOBBBT  B.  GORSUCH, 

**  Mexico  City. 
*<  The  American  Society  of  Civil  Engineers,  by  unanimous  vote  in 
Annaal  Convention,  tenders  kind  greetings  and  good  wishes  to  Robert 
B.  Gorsuch,  the  sole  survivor  of  its  founders. 

**  Chas.  Wabben  Hunt, 

'*  Secretary,  ^^ 

Subsequently,  this  reply  was  received : 

**  Mexico  City, 

•*  May  21, 1902. 
**  Chas.  Wabbbn  Hunt, 

**  Secj/.t  American  Society  of  Civil  Engineer s^ 
•'  Washington,  D.  C. 
*'  Your  kind  greetings  on  behalf  of  the  Society  of  which  I  had  the 
honor  of  being  one  of  its  founders  brings  overwhelming  recollections 
of  ambitious  e£fort  now  a  pleasure  tempered  with  sadness.  Proud  of 
having  been  one  of  the  initiators  of  so  eminent  a  scientific  society, 
please  tender  my  highest  appreciation  to  its  members  for  their 
thoughtfulness  on  the  occasion  mentioned. 

'*R.  B.  Goesuch."* 

The  President  then  delivered  the  Annual  Address. 

The  Secretary  presented  letters  from  the  Director,  U.  S.  Geological 
Survey,  offering  facilities  for  the  inspection  of  Methods  of  Survey, etc., 
and  transmitting  500  copies  of  the  Topographic  Map  of  Washington 
and  Vicinity ;  from  the  President  of  the  Capital  Traction  Company,  ten- 
dering free  transportation  during  the  four  Convention  days;  from  the 
Commandant,  Washington  Navy  Yard,  stating  that  he  had  arranged  to 
put  a  jacket  on  a  12-in.  gun  during  the  visit  of  the  Society  to  the  Yard 
on  the  21st;  from  the  Secretary  of  the  Navy,  acknowledging  an  invita- 
tion to  attend  the  Convention;  from  the  Secretary  of  the  International 
Association  for  Testing  Materials,  inviting  Members  to  attend  the  Fifth 

*  These  messages  are  here  interpolated  to  preserve  the  record  io  conyeoient  form. 
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ADnnal  Meeting  of  the  American  Section,  June  12th-14th,  1902;  and 
from  the  Secretary  of  the  Coemoe  Clnb,  extending  the  conrtesies  of 
the  Club  to  members  of  the  Society  during  the  Convention. 

A  resolution,  introduced  by  Bernard  R.  Green,  M.  Am.  Soc.  C.  E., 
inviting  the  local  officers  of  the  Corps  of  Engineers  of  the  Army  and 
Navy,  Civil  Engineers  of  Washington,  not  members  of  the  Society,  and 
the  Washington  Chapter  of  the  American  Institute  of  Archit-ects,  to 
attend  the  meetings  of  the  Convention  was  seconded  and  carried 
nnanimonsly. 

David  S.  Carll,  M.  Am.  Soc.  C.  E.,  explained  the  arrangements 
which  had  been  made  in  reference  to  free  transportation  over  the  lines 
of  the  Washington  Railway  and  Electric  Company  during  the  Conven- 
tion, and  in  reference  to  the  excursion  to  Cabin  John  Bridge. 

Colonel  William  M.  Black,  M.  Am.  Soc.  C.  E.,  extended  an  invita- 
tion to  visit  Washington  Barracks  and  witness  the  guard  mounting 
and  dress  parade  of  the  Engineers'  School  and  Battalion,  and  an- 
nounced further  details  in  reference  to  the  excursion  to  Fort  Wash- 
ington, Marshall  Hall  and  Mt.  Vernon  on  Thursday,  May  ^2d. 

Adjourned. 

Second  Session,  Tuesday,  May  aoth,  190a. — The  meeting  was 
called  to  order  at  8  p.  m.;  the  President,  Robert  Moore,  in  the 
chair;  Chas.  Warren  Hunt,  Secretary;  many  members  and  guests  being 
present. 

Talks,  descriptive  of  engineering  works  in  Washington,  and  illun- 
trated  with  lantern  slides,  were  given,  as  follows: 

On  District  Government,  by  Colonel  William  M.  Black,  M.  Am. 
Soc.  C.  E. 

On  the  Washington  Sewers,  by  D.  E.  McComb,  M.  Am.  Soc.  C.  E. 

On  the  Water  Supply  of  Washington,  by  Colonel  A.  M.  Miller,  M. 
Am.  Soc.  C.  E. 

On  the  Washington  Monument  and  Library  of  Congress,  by  Bernard 
R.  Green,  M.  Am.  Soc.  C.  E. 

On  the  Electric  Railways  of  the  District,  by  D.  S.  Carll,  M.  Am. 
Soc.  C.  E. 

On  Proposed  Park  Improvements  in  the  District,  by  Charles 
Moore,  Esq. 

Adjourned. 

BUSINESS  MEETING. 

Third  Session,  Wednesday,  May  aist,  190a. — The  meeting  was 
called  to  order  at  10.30  a.m.;  President  Robert  Moore  in  the  chair; 
Chas.  Warren  Hunt,  Secretary. 

The  Secretary  presented  the  report  of    the  Committee   on  the 
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desirability  of  action  being  taken  .for  the  protection  of  engineers 
and  the  pablic  from  incompetent  practitioners.* 

On  motion,  dnly  seconded,  the  report  was  accepted  and  adopted. 

H.  G.  Front,  M.  Am.  Soc.  G.  K,  presented  the  report  of  the  Com- 
mittee on  a  Proposed  Amendment  to  the  Constitution  BebitiTe  to 
Admission  to  Membership.! 

On  motion,  duly  seconded,  the  report  was  received  and  placed  on 
file. 

William  P.  Craighill,  Past-President,  Am.  Soc.  C.  £.,  presented  the 
following  resolution: 

"  Resolved,  That  the  Board  of  Direction  be  requested  to  frame  an 
amendment  to  the  Constitution  which  shall  do  away  with  the  secret 
letter-ballot  now  used  in  the  election  of  corporate  members,  and  sub- 
stitute therefor  an  open  or  signed  ballot." 

The  resolution  was  duly  seconded,  and,  after  discussion,  was  with- 
drawn by  the  proposer. 

The  Secretary  presented  a  report  of  the  votes  received  as  to  the 
Time  and  Place  for  holding  the  Annual  Convention  of  1903.  | 

After  discussion,  it  was  moved  that: 

<<  The  matter  of  the  time  and  place  for  the  Annual  Convention  of 
1903  be  referred  to  the  Board  of  Direction,  with  the  statement  that  it  is 
the  sense  of  this  meeting  that  it  shall  be  held  in  Asheville,  N.  C." 

The  motion,  being  duly  seconded,  was  carried. 

The  Secretary  reported  a  recommendation  from  the  Board  of 
Direction  that  the  Special  Committee  *'On  Analysis  of  Iron  and 
Steel,"  Subcommittee  of  the  American  Society  of  Civil  Engineers  (of 
the  International  Committee  on  Standards  for  the  Analysis  of  Iron  and 
Steel,  of  which  Professor  J.  W.  Langley  is  chairman),  be  discharged. 

On  motion,  duly  seconded,  the  Committee  was  discharged. 

The  Secretary  reported  that  the  Board  of  Direction  recommends 
that  the  Special  Committee  **  On  Units  of  Measurement "  be  dis- 
charged. 

On  motion,  duly  seconded,  the  Committee  was  discharged. 

Adjourned. 

Fourth  Session.  Wednesday,  May  aist,  1903.— The  meeting  was 
railed  to  order  at  8  p  m.  ;  President  Robert  Moore  in  the  chair;  Chas. 
"Warren  Hunt,  Secretary. 

Discussion  on  the  following  topic  was  called  for  by  the  President: 

•*  In  contract  work,  either  public  or  private,  is  it  preferable  to  make 
separate  contracts  for  the  different  branches  of  trades  involved,  or  to 
combine  all  under  one  general  contract?" 

*8ee  pmgeim. 
♦  See  paice  1OT. 
t  See  pa«e  908. 
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The  disciiBsioik  was  opened  by  George  £.  Gifford,  M.  Am.  Soc.  C.  E., 
and  was  con  tinned  by  the  following : 

T.  Chalklsy  Hatton,  M.  Am.  Soo.  C.  £. 
CHABiiBS  G.  Dabbach,  M.  Am.  Soc.  C.  £. 
S.  Bbitt  BussEiiii,  M.  Am.  Soo.  C.  £. 
M.  Ward  Easbt,  M.  Am.  Soc.  G.  E. 
Chablbs  Wobthinoton,  M.  Am.  Soc.  0.  E. 

« 

HoBACE  Andbewb,  M.  Am.  Soc.  G.  E. 

The  meeting  then  took  np  the  discussion  of  the  second  topic,  as 
follows: 

*'  Is  it  possible  and  desirable  to  keep  accounts  of  work  in  progress 
in  such  a  manner  as  to  ascertain  unit  costs  on  each  class  of  work?" 

The  Secretary  presented  the  opening  discussion,  prepared  by  S. 
Whinery,  M.  Am.  Soc.  G.  E.,  and  the  subject  was  further  discussed  by 
the  following: 

GhabijBS  S.  GnuBCHiLii,  M.  Am.  Soc.  G.  E. 

T.  GhatjKTjEY  Hatton,  M.  Am.  Soc.  G.  E. 

Obeblin  Suith,  M.  Am.  Soc.  G.  E. 

Ghables  Wobthinoton,  M.  Am.  Soc.  G.  E. 

FosTEB  Gbowelxj,  M.  Am.  Soc.  G.  E. 

The  meeting  then  took  up  the  discussion  of  the  third  topic,  as  fol- 
lows: 

''Is  steel  susceptible  of  being  made  as  permanent  a  building 
material  as  masonry?*' 

The  discussion  was  opened  by  Gharles  G.  Darrach,  M.  Am.  Soc.  G.  E., 
and  was  continued  by  the  following: 

E.  W.  Stebn,  M.  Am.  Soc.  G.  E. 
Gbobge  F.  Swain,  M.  Am.  Soc.  G.  E. 
G.  G.  Wentwobth,  M.  Am.  Soc.  G.  E. 
Obeblin  Smith,  M.  Am.  Soc.  G.  E. 
WiLiiiAM  B.  Websteb,  M.  Am.  Soc.  G.  E. 
Ghables  G.  Dabbach,  M.  Am.  Soc.  G.  E. 
Jambs  Owen,  M.  Am.  Soc.  G.  E. 
E.  T.  D.  Mtebs,  Jr.,  M.  Am.  Soc.  G.  E. 
John  E.  O'Bottbke,  M.  Am.  Soc.  G.  E. 
W.  Hildenbband,  M.  Am.  Soc.  G.  E. 
H.  S.  Haines,  M.  Am.  Soc.  G.  E. 
A.  L.  Johnson,  M.  Am.  Soc.  G.  E. 

The  Secretary  read  a  telegram  from  Mr.  Bobert  B.  Gorsuch,  in 
reply  to  the  message  of  good  wishes  sent  to  him  during  the  First 
Session  of  the  Gonvention.* 

Adjourned. 

^  For  text  of  messages  exchanged,  see  page  170. 
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Fifth  Seasloii,  Thursday »  May  aad,  190a.— The  meeting  was  called 
to  order  at  8  p.  m.  ;  President  Robert  Moore  in  the  chair;  Ghas.  Warren 
Hnnt,  Secretary. 

The  President  called  for  discnssion  on  the  fonrth  topic,  as  follows: 
**  In  view  of  the  nnmerons  disasters  cansed  by  the  contracting  of 
channels,  or  the  damming  of  small  streams,  shonld  non-nayigable 
streams  be  under  the  control  of  the  National  Qoyemment?" 

The  discussion  was  opened  by  Rudolph  Hering,  M.  Am.  Soc.  G.  E., 
and  was  continued  by  the  following: 

L.  M.  Hauft,  M.  Am.  Soc.  C.  £. 
A.  M.  MttjTiKR,  M.  Am.  Soc.  C.  E. 

The  meeting  then  took  up  the  discussion  of  the  fifth  topic,  as 
follows: 

"€ttiould  the  National  GK>Ternment  undertake  the  construction  and 
operation  of  irrigation  works?" 

Elwood  Mead,  M.  Am.  Soc.  G.  E.,  opened  the  discussion,  which  was 
continued  by  the  following: 

T.  M.  RiPLKT,  Assoc.  M.  Am.  Soc.  G.  E. 

F.  H.  Newell,  M.  Am.  Soc.  G.  E. 

Geoboe  H.  Maxwell,  Esq. 

J.  James  B.  Gboes,  Past-President,  Am.  Soc.  G.  E. 

L.  M.  Hauft,  M.  Am.  Soc.  G.  E. 

The  meeting  then  took  up  the  discussion  of  the  sixth  topic,  as 
f  oUows : 

'<  Should  Engineering  Practice  be  regulated  by  a  code  of  ethics  ? 
If  so,  how  can  such  a  code  be  established?" 

Qeorge  A.  Soper,  Assoc.  M.  Am.  Soc.  G.  £.,  opened  the  discussion. 
Adjourned. 

Sixth  Session,  Friday,  May  Jad,  iQoa^-The  meeting  was  called 
to  order  at  10  a.  m..  President  Robert  Moore  in  the  chair;  Ghas.  Warren 
Hunt,  Secretary. 

The  discussion  on  the  sixth  topic  was  continued  by  the  following: 
John  A.  Ockebson,  M.  Am.  Soc.  G.  E. 
Benjamin  M.  Habbod,  Past-President,  Am.  Soc.  G.  E. 
J.  James  R.  Gboes,  Past -President,  Am.  Soc.  C.  E. 
F.  W.  Dalbtmple,  Assoc.  M.  Am.  Soc.  G.  E. 
Geobge  a.  Sofeb,  Assoc.  M.  Am.  Soc.  G.  E. 

Written  discussions  on  this  subject  by  Gharles  G.  Darrach,  M,  Am. 
Soc.  G.  E.,  and  by  W.  Hildenbrand,  M.  Am.  Soc.  G.  E.,  were  also  pre- 
sented. 
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Ghas.  Warren  Hunt,  M.  Am.  Soc.  C.  E.,  presented  the  following 

resolution : 

''  Resolved,  That  the  hearty  thanks  of  the  Society  are  hereby  tendered 
to  the  Local  Ck)mmittee  for  the  great  care  with  which  the  arrange- 
ments for  the  comfort  and  pleasure  of  members  and  guests  have  been 
planned,  and  the  masterly  manner  in  which  those  plans  have  been 
carried  out." 

The  resolution,  being  duly  seconded,  was  carried  unanimously. 

A.  Mordecai,  M.  Am.  Soc.  C.  E.,  moved  that  the  Board  of  Direc- 
tion be  requested  to  have  a  tree  planted  at  Mt.  Yemon,  or  make  some 
suitable  commemoration  of  the  visit  of  the  Society. 

The  motion,  duly  seconded,  was  carried. 

Bernard  B.  Green,  M.  Am.  Soc.  C.  E.,  moved  as  follows: 

*'  That  the  thanks  of  the  Society  be  extended  for  the  courtesies 
received  from  the  various  organizations  and  departments  here  in 
Washington  during  this  Convention:  To  the  Secretary  of  War,  for  the 
courtesies  at  Fort  Washington  and  the  Washington  Barracks;  to  the 
Secretary  of  the  Navy,  for  the  courtesies  at  the  Navy  Yard;  to  Dr. 
Wolcott,  of  the  Geological  Survey,  for  the  maps  freely  given  to  the 
Society;  to  the  Capital  Traction  Company  for  the  free  transportation 
upon  its  lines  during  the  Convention  to  all  the  members  and  guests 
of  the  Convention;  to  the  Washington  Railway  and  Electric  Company 
for  the  free  cars  on  the  occasion  of  the  visit  to  Cabin  John  Bridge;  and 
to  the  Trustees  of  the  Corcoran  Gkllery  of  Art  for  the  free  use  of  the 
Gallery  and  the  courtesy  of  their  invitation  to  the  Society  to  meet  the 
friends  of  the  Society  in  Washington  at  the  gallery  this  evening." 

The  motion,  duly  seconded,  was  carried  unanimously. 
Adjourned. 

June  4th,  190a. — The  meeting  was  called  to  order  at  8.46  p.  m.  ; 
Emil  Euichling,  Director,  Am.  Soc.  C.  £.,  in  the  chair;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  80  members  and  13  guests. 

The  minutes  of  the  meeting  of  May  7th  were  approved  as  printed 
in  Proceedings  for  May,  1902. 

A  paper  by  George  L.  Dillman,  M.  Am.  Soc.  C.  E.,  entitled  **  A 
Proposed  New  Type  of  Masonry  Dam,"  was  presented  by  the  Secretary, 
who  also  presented  a  written  discussion  by  H.  de  B.  Parsons,  M.  Am. 
Soc.  C.  E.  The  paper  was  discussed  orally  by  Messrs.  Edward  Weg- 
mann,  Robert  Cartwright,  Gteorge  H.  Pegram,  A.  V.  Abbott,  J.  Breu- 
chaud,  W.  B.  Fuller  and  Emil  Kuichling. 

Ballots  for  membership  were  canvassed,  and  the  following  candi- 
dates were  elected. 

As  Members. 

Charubs  HiNCKiiEY  Bakbr,  Seattle,  Wash. 
Frederic  Adrian  Delano,  Chicago,  111. 
James  AijBert  Emery,  Birmingham,  Ala. 
Xanthus  Henry  Goodnough,  Boston,  Mass. 
Stephen  Harris,  Philadelphia,  Pa. 
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JuLins  Mebbiam  HowkliiS,  Los  Angeles,  Cal. 

Owen  Lovejoy  InoaiiLB,  Washington,  D.  C. 

Jeremiah  Joseph  Kennedy,  New  York  City. 

LuTHEB  Yaoeb  Kerb,  Greenville,  Miss. 

Anson  BuriiInoame  McGrew,  Beaver,  Fa. 

CiiARENGE  RuFus  Neheb,  Bu£falo,  N.  Y. 

MiGHAEii  Maurice  O'Shaxtghnessy,  San  Francisco,  Cal. 

Augustus  Smith,  New  York  City. 

Otto  Hiloard  Tittmann,  Washington,  D.  C.       •  », 

Edward  Chandler  ToiiLinoer,  Greenville,  Miss. 

Thomas  Henry  Tutwii<er,  Birmingham,  Ala. 

As  Associate  .Members. 

John  Edwin  Banks,  Pittsburg,  Pa, 

Louis  Edward  Bogen,  Cincinnati,  Ohio. 

Alfred  Ellsworth  Carter,  Havana,  Cuba. 

Clarke  Peleo  Collins,  Johnstown,  Pa. 

James  Rhea  Fain,  Philadelphia,  Pa. 

Sumner  Gowen,  Phoenixville,  Pa. 

William  Kendrigk  Hatt,  Lafayette,  Ind. 

William  Herbert  Hyde,  Pittsburg,  Pa. 

Charles  Hamilton  Mitchell,  Niagara  Falls,  Ont.,  Canada. 

Frederick  Charles  Noble,  New  York  City. 

Thomas  Dobsey  Pitts,  New  York  City. 

Charles  Arner  Ruoolbs,  New  York  City. 

John  Kimball  Scammell,  St.  John,  N.  B.,  Canada. 

William  Seaton,  Jr.,  Rosebank,  N.  Y. 

Charles  Milton  Spofford,  Boston,  Mass. 

Arthur  Websteb  Thompson,  Cumberland,  Md. 

Fbederick  Eugene  Turneaubb,  Madison,  Wis. 

■ 

The  Secretary  announced  the  election  of  the  following  candidates 
by  the  Board  of  Direction  on  June  3d,  1902. 

As  Member. 
Arnold  Henby  Sutermbister,  Albany,  N.  Y. 

As  Associates. 

Henry  Julius  Kaltenbach,  Yonkers,  N.  Y. 
Alfred  Liebmann,  New  York  City. 
Houston  Lowe,  Dayton,  Ohio. 
Fred  Lincoln  Stearns,  New  York  City. 
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As  JuNIOBS. 

BEBTBA.ND  Fauoebbs  Bell,  Chillicothe,  Ohio. 
SAHiTEii  AiiiiEN  Cobb,  Muskogee,  Ind.  T. 
AiiBEBT  HowABD  HoBTON,  Detroit,  Mich. 
BiCHABD  Denny  Pabkbb,  Palestine,  Tex. 
BaijPH  Fennu  Pboctob,  Detroit,  Mich. 
Charles  Lucas  Wachteb,  New  York  Citj. 

The  Secretary  announced  the  death  of  the  following  members: 

Wii<iiiAM  Shattuok  liiNGoiiN,  elected  Member  Dec.  5th,  1888; 

died  May  16th,  1902. 
Edwabd  Josiah  BiiAeb,  elected  Member  April  3d,  1889;  died 

May  29th,  1902. 
BoBBBT  Henby  Temple,  elected  Member  May  6th,  1885;  died 

December  23d,  1901. 

Adjourned. 


r 
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OF  THB  BOARD  OF  DIRECTION. 

(Abstract.) 

May  aist,  1903.— The  Board  met,  as  required  by  the  Constitution, 
during  the  Annual  Convention,  Washington,  D.  C. ;  President  Moore 
n  the  chair;  Charles  Warren  Hunt,  Secretary;  and  present,  also, 
Messrs.  Croes,  Endicott,  Kuichling,  O'Rourke,  Pegram  and  Seaman. 

No  quorum  being  present,  the  meeting  adjourned. 

June  3dt  1903.— Vice-President  Schneider  in  the  chair;  Charles 
Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Briggs,  Croes, 
Endicott,  Kuichling,  Pegram  and  Seaman. 

The  report  of  the  Nominating  Committee  was  received. 

The  Secretary  reported  the  receipt,  through  the  U.  S.  Commission 
to  the  Paris  Exposition  of  1900,  of  a  Diploma  and  of  a  Bronze  Medal 
awarded  to  the  Society  for  its  exhibit. 

Action  was  taken  in  the  matter  of  having  a  tree  planted  at  Mount 
Vernon,  Va. ,  commemorative  of  the  visit  of  this  Society  to  the  home 
of  Washington  on  May  22d,  1902. 

Reconsideration  ballots  were  canvassed  and  Arnold  Henry  Suter- 
meister  was  declared  elected  a  member  of  the  Society. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

Four  candidates  for  Associate  and  six  for  Junior  were  elected.* 

Adjourned. 

*  See  pages  176  and  177. 


Aflairs.]        BEPOBT  IN  FULL  OF  THB   BU8ISS88  MBETING.  179 

REPORT  IN   FULL  OF  THE  FIRST  SESSION  OP  THE  THIRTY- 
FOURTH  ANNUAL  CONVENTION,  INCLUDING  THE  BUSI- 
NESS MEETING,  HELD  AT  THE  WILLARD  HOTEL, 

WASHINGTON,  D.  C. 

Tuesday,  May  aoth,  190a,  10  A.  M. 

MoBDECAi  T.  Endigott,  M.  Am.  Soc.  C.  E. — Ladiee  and  gentlemen:   Meeting 
It  devolves  upon  me,  as  Chairman  of  the  Committee  of  the  Board  of 
Direction  in  general  charge  of  the  Convention,  to  call  this,  the  34th 
Annual  Convention  of  the  American  Society  of  Civil  Engineers,  to 
order,  which  1  now  do. 

Distinguished  gentlemen  are  here  to  greet  jou  to  the  National 
Capital,  and  without  further  words,  I  take  pleasure  in  introducing  to 
you  the  Hon.  H.  B.  F.  Macfarland,  President  of  the  Board  of  Commis- 
sioners of  the  District  of  Columbia. 

Hon.  H.  B.  F.  Macfabland. — Ladies  and  gentlemen:  We  are  very  Addressee  of 
glad  to  see  you  here.  We  are  giving  yon  a  warm  welcome,  even  though 
we  have  to  force  the  season  a  little  to  do  it.  We  wanted  you  to  have 
a  taste  of  the  typical  Washington  summer,  a  little  warm,  but  breezy. 
We  always  have  these  delightful  breezes — up  here — (laughter),  and  to 
give  you  the  sense  of  being  at  home,  as  you  think  of  the  warmer  cli- 
mates from  which  so  many  of  you  come.  Here  in  this  hall,  looking 
out  from  these  windows,  you  get  the  inspiration  of  the  Washington 
surroundings,  which,  in  itself,  furnishes  a  reason  for  your  being 
Jiere. 

The  Government  of  the  District  of  Columbia  is  especially  glad  to 
welcome  this  Society,  on  its  semi-centenary,  to  the  National  Capital, 
lor  this  National  Society,  with  its  international  membership,  repre- 
senting, as  I  understand,  every  continent  and  all  the  great  isles  of  the 
«ea,  has,  through  many  of  its  members,  rendered  important  services  to 
the  National  Capital.  We  recognize  to-day  not  only  the  appropriate- 
ness of  your  meeting  in  the  Capital  of  the  country,  which  in  the  fifty 
years  since  your  Society  was  founded  has  been  distinguished  by  your 
achievements,  but  a  feeling  of  gratitude  on  the  part  of  the  citizens  of 
the  District  of  Columbia  for  what  you  have  done  here. 

The  City  of  Washington  might  be  said  to  be,  of  all  the  cities  in  the 
world,  the  work  of  engineers.  George  Washington,  father  not  only 
of  his  country,  but  of  its  capital,  who,  as  a  boy  leaving  school  forever 
for  the  university  of  life,  made  his  first  money  and  his  first  reputation 
as  a  surveyor  and  engineer,  whose  name  the  Federal  City  inevitably 
bears,  Pierre  Charles  L'Enfant,  the  briUiant  Frenchman,  and  Andrew 
Elliott,  the  brilliant  American — these  are  the  names  that  immediatelv 
arise  in  our  minds  as  we  think  of  the  beginning  of  the  permanent  seat 
of  government  of  the  United  States. 
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AddrMwes  of       Washington,  more  entirely  than  any  other  city  in  the  world,  not 
i&mtinued),  excepting  St.  Petersburg,  I  suppose,  was  designed  throughout  on  en- 
gineers' plans,  and  was  built  up  in  conformity  with  them.     Its  conven- 
ience, its  healthfulness,  its  beauty,  are  due  largely  to  the  fact  that 
during  the  many  years  when  the  District  of  Columbia  had  no  executive 
government,  and  no  general  development  of  the  original  plan  of  im- 
provements was  carried  on,  engineers  were  busy  usefully  here.     They 
constructed  the  Washington  aqueduct,  they  built  buildings,  they  built 
bridges.     Since  1878,  when  the  permanent  executive  government  of 
the  District  was  established,  the   National  Capital  has   been   most 
fortunate  in    having    the    only    complete    engineering    department, 
manned  throughout  by  engineers,  to  be  found,  I  suppose,  anywhere. 
Much  of  the  success  of  the  present  form  of  government  is  due  to 
the  fact  that  all  engineering  and  construction  work  has  been  in  charge 
of   engineers    of    high  character  and  capacity.     As  a  citizen  of  the 
District,  only  temporarily  in  office,  I  am  glad  to  acknowledge  the 
great  debt  which  we  citizens  of  the  United  States  owe,  and  which  the 
people  of  the  whole  country,  whose  capital  this  is,  owe  to  the  honest, 
intelligent  and  efficient  men  who  have  successively  served  as  engineer 
commissioners  and  assistants  to  the  engineer  commissioners  of  the 
District  of  Columbia.     They  have,  without  exception,  maintained  the 
high  reputation  of  the  Corps  of  Engineers  of  the  United  States  Aimy» 
and  they  have,  in  many  cases,  won  the  personal  and  lasting  regard  of 
the  people  of  the  District.     I  can  speak  from  intimate  knowledge  of 
their  work  of  recent  years,  beginning  with  that  of  former  Commissioner 
Black,  and  I  want  to  say  that  it  commands  my  hearty  admiration. 
These  distinguished  army  officers  have  had  the  assistance  of  a  perma- 
nent staff  of  civil  engineers  gathered  through  years  of  careful  selection, 
which  is  not,  I  venture  to  say,  excelled  by  any  similar  body  of  men 
anywhere  in  the  world;  appointed,  retained  and  promoted  on  merit 
alone.     Encouraged  and  stimulated  by  every  honorable  incentive,  these 
men  have  done  and  are  doing  remarkable  work. 

Throughoat  nearly  a  quarter  of  a  century,  the  Engineering  Depart- 
ment of  the  District  of  Columbia  has  had  a  shining  reputation  for 
honesty  and  efficiency,  and  deserves  and  has  received  the  confidence 
and  appreciation  of  all  that  is  best  in  our  citizenship.  Other  engi- 
neers completed  the  Washington  Monument  and  built  the  Library  of 
Congress,  and  still  others  have  cared  for  the  beautiful  parks  that  you 
see  all  around  you.  Indeed,  you  behold  the  monument  of  engineers 
wherever  you  look  around  in  the  District  of  Columbia.  You,  of  all 
men,  wiU  appreciate  what  they  have  done  and  also  all  that  is  planned 
to  be  done  in  the  development  and  embellishment  of  that  Capital  which 
every  American  wants  to  see  the  finest  in  the  world.     (Applause.) 

Thb  Chairman. — I  take  pleasure  in  introducing  the  Chairman  of  the 
Local  Committee  in  charge  of  this  Convention,  Bear- Admiral  George 
W.  Melville,  who  will  now  address  you.     (Applause.) 
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Rbab-Admtrati  Oboboe  W.  MELviiiiiE,  U.  S.  N.,  Hod.  M.  Am.  Soc. 
G.  £. — Mr.  Presideiut  ai)d  Gentlemen :  The  Local  Committee  of  Arrange- 
ments, in  behalf  of  the  resident  members,  extends  a  coidial  welcome 
to  the  American  Society  of  Civil  Engineers  in  convention  assembled. 
Yonr  presence  in  this  city  also  affords  satisfaction  and  pleasure  to  the 
resident  members  of  the  allied  engineering  organizations.  There  are 
in  the  District  of  Columbia  over  one  thousand  graduates  of  techno- 
logical institutions.  The  local  alumni,  of  practically  every  scientific 
college  in  the  country,  recognize  the  fact  that  the  benefits  accruing 
from  your  deliberations  will  result  to  the  advantage  and  enlarged  pres- 
tige of  the  engineering  profession,  and  therefore  give  you  an  earnest 
greeting. 

It  was  thoughtful  action  which  determined  the  selection  of  the 
Capital  City  as  a  place  for  your  Annual  Meeting,  for  Washington  is,  in 
fact,  if  not  in  name,  an  eng^eering  center.  It  is  true  that  the  public 
at  large  has  not  heretofore  regarded  this  city  as  such  a  center  of  tech- 
nical influence.  Nevertheless,  the  recognition  of  engineering  as  a  pro- 
fession has  been  due  in  gpreat  part  to  the  scientific  problems  solved  at 
the  National  Capital.  It  has  only  been  because  the  engineering  influ- 
ence of  this  city  has  been  overshadowed  by  its  executive  and  legislative 
environments  that  Washington's  importance  as  respects  engineering 
has  not  been  better  appreciated  and  understood. 

In  at  least  four  of  the  Executive  Departments,  the  Engineer,  whether 
or  not  this  is  his  title,  directs  the  professional  work  of  many  of  the 
leading  bureaus.  As  for  the  War  and  Navy  Departments,  the  line 
separating  the  work  of  the  military  and  naval  officer  from  that  of  the 
engineer  is  very  indistinct.  In  the  design  and  mount  of  a  gun,  in  the 
laying  out  of  fortifications,  in  the  building  of  docks,  in  the  construc- 
tion of  a  battleship,  in  the  transportation  of  troops  and  supplies,  and 
in  the  management  of  arsenals  and  naval  stations,  en g^eering  executive 
ability  of  a  high  order  is  required. 

Numerous  excursions  have  been  projected  for  your  personal  pleasure 
and  professional  profit.  These  trips  are  of  such  varied  nature  that  you 
will  better  realize  the  important  part  that  devolves  upon  engineering 
in  the  conduct  of  administrative  affairs.  If  time  will  permit  you  to 
make  careful  investigation,  you  will  be  strikingly  impressed  with  the 
fact  that«  so  far  as  the  future  is  concerned,  the  estimation  in  which 
engineering  is  held  by  the  National  Congress  may  determine  the  scope 
of  the  influence  which  will  be  exerted  by  the  profession  throughout 
the  country  at  large. 

It  is  in  thiti  city  where  many  of  the  most  imposing  buildings  in 
America  can  be  seen,  and  the  design  of  these  edifices  is  the  product  of 
the  mind  of  an  engineer,  for  surely  the  architect  can  be  regarded  as  an 
engineering  specialist. 

One  of  the  best  appointed  and  most  complete  gun  foundries  in  the 
world  will  be  open  to  your  inspection,  and  one  need  have  but  a  cur- 
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Addressee  of   sory  knowledge  of  the  principles  underlying  the  mechanic  arts  to 
(continued),    understand  that  the  ordnance  expert  could  accomplish  little  if  he 
were  not  an  engineer. 

During  your  visit  to  the  Navy  Yard  you  will  be  shown  the  experi- 
mental basin  or  model  tank  for  determining  many  questions  relating 
to  naval  architecture  and  marine  engineering.  In  some  respects  this 
experimental  tank  is  unrivaled  by  any  in  the  world.  It  should  be  of 
incalculable  benefit  to  the  study  of  naval  architecture  and  marine  engi- 
neering, if  operated  under  the  supervision  of  the  National  Engineering 
Societies  in  conjunction  with  naval  experts. 

The  various  Executive  Departments  will  also  tell  of  the  engineering 
opportunities  presented  to  the  profession,  and  of  the  necessity  for  our 
members  to  keep  in  touch  with  the  professional  work  done  at  the 
Capital.  The  more  time  that  is  given  to  a  study  of  the  work  of  these 
departments,  the  gp^eater  will  appear  the  necessity  for  all  the  engineer- 
ing associations  to  meet  oftener  in  convention  in  this  city.  There  is  a 
wealth  of  professional  literature  in  the  libraries  of  the  various  Execu- 
tive Departments  that  can  only  be  appreciated  by  the  resident  mem- 
bers. Bare  and  valuable  books  have  been  collected  with  judgment 
and  discretion,  and  these  professional  works  are  accessible  to  every 
engineer.  The  technical  libraries  at  the  National  Capital  are  well 
indexed,  and  in  no  city  ought  the  engineering  student  find  more 
opportunities  and  encouragement  for  original  research. 

The  National  Congress,  in  its  investigation  of  hundreds  of  bills  that 
are  introduced  each  session,  calls  for  technical  and  engineering  opin- 
ions that  require  a  high  order  of  professional  intelligence  to  answer. 
Probably  the  greatest  tribate  that  could  be  paid  to  the  work  and  worth 
of  the  eng^eering  profession  lies  in  theiact  that,  in  both  Houses  of  the 
Congress,  the  belief  prevails  that  the  report  of  a  Board  of  Engineers  is 
the  carefully  considered  opinion  of  experts  of  integrity  and  efficiency. 
Heretofore,  the  engineering  profession  has  labored  under  the  im- 
pression that  Washington  was  a  place  where  legal,  medical,  religious 
and  political  conventions  should  be  held,  but  a  city  whose  environ- 
ments were  not  compatible  to  an  assembling  of  engineers.  It  has  been 
to  the  material  disadvantage  of  the  profession  at  large  that  this  opin- 
ion should  prevail.  The  unrivaled  press  organizations  that  are  in 
existence  in  this  city  give  particular  attention  to  reporting  the  pro- 
ceedings of  all  national  associations.  The  professional  treatises  that 
will  be  read  at  the  meeting,  with  the  attendant  discussions,  will  thus 
^  be  telegraphed  daily  and  be  brought  to  the  attention  of  the  mem- 
bers of  the  Society  throughout  the  country. 

One  of  the  many  beneficial  results  that  will  be  secured  from  ykyur 
visit  will  be  the  fact  that  it  will  direct  the  attention  of  other  engineer- 
ing associations  to  the  advantages  of  doing  work  of  a  national  char- 
acter. The  scope  and  character  of  the  work  of  the  engineer  will  never 
receive  the  recognition  that  is  its  due  until  the  executive  officers  of  the 
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Government  and  the  members  of  the  National  Congress  fully  realize 
the  amount  of  study  and  practical  experience  that  is  necessary  to  fit  one 
for  professional  engineering  work.  If  the  various  engmeering  associa- 
tions will  frequently  meet  here,  and  if  we  can  assemble  an  Engineering 
Congress  in  Washington  every  ten  years,  it  will  not  be  long  before  the 
country  will  realize  the  scientific  depth  and  breadth,  as  well  as  the 
vital  import  and  universal  scope,  of  engineering  work.  If  study, 
reflection,  preparation,  experience  and  character  are  the  factors 
requisite  for  national  leadership,  then  engineering  has  a  claim  to  high 
recognition  in  bringing  about  national  progress  and  prosperity. 

It  has  been  said  that  five  elements  are  essential  io  the  performance 
of  great  purposes :  Time,  place,  opportunity,  incentive,  and  the  man. 
The  Committee  are  to  be  congratulated  in  having  secured  two  of  the 
essential  factors  for  a  successful  convention.  At  this  period  of  the 
year  the  city  appears  at  its  best,  for  the  atmospheric  conditions  are 
not  only  favorable  to  professional  work,  but  also  for  that  broad  obser- 
vation which  should  be  acquired  by  every  well-rounded  professional 
man.  It  is  also  an  opportune  time  by  reason  of  the  fact  that  the 
National  Congress  is  in  session,  and  the  Capital  CHty  is  filled  with  in- 
fluential personages  from  all  parts  of  the  country.  The  character  and 
nature  of  your  work  should  be  brought  to  the  attention  of  such  per- 
sons, since  they  are  the  ones  who  dominate  national  affairs.  It  has 
been  a  weakness  upon  the  part  of  the  engineering  profession  in  the 
past  that  the  various  associations  have  held  their  annual  conventions 
in  places  where  it  has  been  impossible  for  the  national  feature  of  our 
work  to  be  brought  into  prominence. 

The  engineer  was  a  dominant  factor  during  the  past  hundred  years, 
although  he  was  neither  accorded  the  honor,  nor  received  the  rewards 
of  his  achievements.  It  is  highly  probable  that  his  influence  will  be 
even  greater  in  the  present  century.  In  the  future  there  awaits  him 
the  recognition  which  is  his  just  due.  With  such  incentives  as  the 
recognition  of  the  world  at  large  for  his  professional  achievements, 
and  substantial  rewards  for  the  accomplishment  of  great  enterprises, 
it  can  be  expected  that  men  will  come  to  the  front  who  will  honor 
themselves  and  their  profession,  and  render  the  world  a  great  service 
in  accomplishing  engmeering  feats  which  will  surpass  those  of  the 
last  century.     Gentlemen,  we  welcome  you.     (Applause.) 

The  Chairman. — We  will  depart  from  the  line  marked  out  here,  for  The  Pregident 
the  purpose  of  introducing,  before  the  history  of  the  Society  is  read, 
our  President,  Mr.  Robert  Moore,  who  will  address  you. 

BoBEBT  MooBB,  President,  Am.  Soc.  C.  £. — Mr.  Chairman,  in  taking 
the  chair  to  which  you  have  called  me,  I  know  I  express  the  sentiments 
of  every  member  of  the  Society,  as  well  as  of  our  guests,  in  expressing 
my  thanks  and  appreciation  for  the  words  of  welcome  and  the  deeds 
of  welcome  which  those  words  foreshadow,  which  you  have  heard- 
from  those  who  have  welcomed  us  this  morning,  and  I  cannot  help 
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Addresses  expressing  my  very  high  appreciation  of  the  thoughtful  skill  which 
(con  u  ).  ^^^  gentleman  has  indicated  on  the  part  of  the  Committee  in  fur- 
nishing to  us,  who  come  from  the  cool  summer  resorts  of  the  middle 
West,  a  brilliant  example  of  true  home  weather.  And  much  more  than 
this,  as  has  been  indicated,  makes  us  feel  at  home  in  Washington.  It 
is  truly  a  city  of  which  engineers  may  well  feel  proud,  bearing  as  it 
does,  the  name  of  one  who  was  not  only  the  father  of  his  country,  but 
one  whose  name  the  city  bears,  and  whom  we  are  also  glad  to  recog- 
nize as  a  fellow  member  of  our  profession.  We,  therefore,  as  citizens 
of  the  United  States,  feel  also  as  citizens  of  Washington,  and  I  am 
sure  that,  after  the  addresses  that  we  have  heard,  we  will  also  feel  that, 
for  the  time  at  least,  it  is  our  home.  Again  I  wish  to  express  to  you 
our  hearty  appreciation  and  thanks  for  your  welcome.     (Applause.) 

The  Board  of  Direction  has  thought  it  wise  to  recognize  the  fact 
that  this  is  the  semi-centennial  of  the  Society  by  putting  first  in  the 
order  of  exercises  a  sketch  of  the  history  of  this,  our  beloved  Society, 
and  I  therefore  take  pleasure  in  calling  to  the  stand  Mr.  Charles 
Warren  Hunt,  who  will  give  you  a  brief  outline  of  the  first  fifty  years 
of  the  life  of  the  American  Society  of  Civil  Engineers.     (Applause.) 

Charles  Warren  Hunt,  M.  Am.  Soc.  C.  K.,  then  addressed  the 
Convention  on  the  history  of  the  Society.* 

Gen.  Wm.  P.  CRAiGHHiL,  Past-President,  Am.  Soc.  C.  E. — Mr. 
President,  I  have  arrived  at  the  age  when  I  sympathize  with  old  men, 
and  I  discover  from  this  very  interesting  address  that  one  of  the 
original  members  of  the  American  Society  of  Civil  Engineers  is  still 
living  in  the  City  of  Mexico.  It  seems  to  me  that  it  would  be  proper 
that  we  should  send  to  him  a  telegram  of  congratulation,  and  I  make 
that  motion.     (Applause.) 

The  motion,  being  duly  seconded  and  put  to  vote,  was  unanimously 
carried,  and  the  Secretary  was  instructed  to  send  a  telegram  in  accord- 
ance therewith. 

The  President  then  delivered  the  Annual  Address,  f 
Programme  of  The  Sbcretabt. — The  programme,  I  think,  everybody  has  seen, 
and,  as  far  as  the  Secretary  knows,  that  programme  will  be  carried  out 
as  printed,  except  that  there  will  be  a  few  slight  modifications  which 
will  be  mentioned  by  members  of  the  Local  Committee  who  are 
present. 

I  would  like  to  read  one  or  two  letters. 

**  Phtladblphia,  Pa.,  May  19th,  1902. 
Letters.  •*  Mr.  C.  W.  Hunt, 

"  Secretary f  American  Society  of  Civil  Engineers^ 
**  Willard's  Hotel,  Washington,  D.  C. 

**  Dbab  Sib, — The  Fifth  Annual  Meeting  of  the  American  Section  of 
the  International  Association  for  Testing  Materials  will  be  held  at 
the  Hotel  Traymore,  Atlantic  City,  on  June  12th,  13th,  14th.  Numerous 

*  Tranaactiona,  Am.  »oc.  C.  E.,  Vol.  zlvUi,  p.  880. 
t  TratuactioiM,  Am.  Soc.  C.  B.,  Vol.  xJvlU,  p.  887. 
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papers  on  the  physical  and  chomioal  properties  of  the  materials  of 
-engineering  will  be  presented  at  this  meeting  by  recognized  anthor- 
ities,  and  certain  features  of  the  Standard  Specifications  for  Steel 
Bails  adopted  by  this  Society  will  be  taken  up  for  further  discussion. 
<*  The  Executive  Committee  desires  to  extend  a  cordial  invitation  to 
the  members  of  the  Committee  on  Kails,  and  to  any  other  members  of 
the  American  Society  of  Civil  Engineers,  interested  in  these  subjects, 
to  attend  this  meeting  and  to  participate  freely  in  the  discussions. 
Oopies  of  the  programme  will  be  gladly  furnished  on  application  to 
the  Secretary. 

**  Very  truly  yours, 

*'  Edoab  Mabbubo, 

"  Secretary,*^ 


"  Washington,  D.  C,  May  19th,  1902. 

"  Chables  Wabren  Hunt,  Esq., 

**  Secretary,  American  Society  of  Civil  Engineers, 
*•  Washington,  D.  C. 

'*  Sib, — The  Capital  Traction  Company  takes  pleasure  in  extending 
to  the  members  of  the  American  Society  of  Civil  Engineers,  and  their 

fuests,  in  attendance  upon  the  Annual  Convention,  held  in  this  city 
uring  the  four  days.  May  20th  to  23d,  inclusive,  free  transportation 
over  the  lines  of  its  system,  the  only  requirement  being  the  wearing 
of  the  official  badge  of  the  Convention  in  full  view  while  on  the  cars 
of  the  company. 

**  Yours  very  truly, 

*'  G.  T.  DuNLOP, 

"  President'' 

**  Washington,  D.  C,  February  10th,  1902. 

"  Mr.  Chas.  Wabben  Hunt, 

**  Secretary,  American  Society  of  Civil  Engineers, 
**  220  West  Fifty -seventh  Street, 
'*  New  York  City. 

"  Deab  Sib, — My  attention  has  been  called  to  the  recent  meeting 
in  this  city  of  the  local  membership  of  the  American  Society  of  Civil 
Engineers;  also  of  the  proposed  convention  of  the  Society  to  be  held 
in  Washington  in  May  next,  and  it  has  been  suggested  by  members  of 
the  Society  connected  with  the  Geological  Survey  that  an  opportunity 
should  be  offlered  to  the  visiting  members  during  the  convention  to 
inspect  the  different  branches  of  the  Survey  which  may  be  of  interest 
to  civil  engineers. 

**  The  geologic  work,  as  related  to  mining;  the  topographic  survey, 
its  methods  and  maps;  the  engraving  on  copper  and  printing  from  the 
stone  of  maps  in  colors;  the  hydrographic  work,  bearing  upon  the 
water  resources  of  the  country,  and  methods  of  stream  measurement, 
are  all  features  which  will  doubtless  be  of  interest  to  members  of  the 
Society,  and  I  take  pleasure  in  offering  such  facilities  of  inspection 
as  may  seem  to  be  best  suited  to  the  occasion,  as  may  hereafter  be 
4etermined  upon  by  the  Committee. 

•'  Yours,  with  respect, 

"  Chas.  D.  Wolcott, 

"  Director.*' 
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Letters  <<  Washington,  D.  C,  May  17th,  1902. 

"To  the  Secretary  qf  the  American  Society  cf  Givii  Engineers^ 

''Washington,  D.  C. 

"  Sib. — I  take  pleasnre  in  sending  to  yon  herewith  five  hnndred 
copies  of  the  topographic  map  of  Wasnington  and  vicinity  for 
distribution  to  the  members  of  yonr  Society  at  yonr  annnal  conven- 
tion to  be  held  in  this  city. 

"  Very  respectfnUy, 

**Chas.  D.  Woixx)tt, 

•'Director." 

"  Washinoton,  D.  C,  May  19th,  1902. 

"  Mr.  Chabues  Wabben  Hunt, 

*•  Secretary y  American  Society  qf  Civil  Engineers. 

«I>EAB  Sib, — I  beg  to  tender  to  members  of  yonr  Society  visiting 
Washington,  as  well  as  resident  members,  an  invitation  to  visit  the* 
Capitol  Building.  Directions  will  be  g^ven  to  the  various  heads  of 
departments,  under  my  supervision,  to  extend  to  members  every 
courtesy  within  their  power.  It  will  give  me  great  pleasure  to  meet- 
personally  any  who  desire  to  call  at  this  office. 

**  Very  truly  yours, 

*«  EijjIOTt  Woods, 

"Supt.yetc." 

**  Cosmos  CiiDb, 

"  Washington,  D.  C,  May  20th,  1902. 

*'  Mr.  ChaktjKB  Wabben  Hunt, 
''Secretary,  A.  S.  C.  E,, 

"  The  Kew  Willard  Hotel, 
*•  Washington,  D.  C. 

<*  My  Deab  Sib, — The  Board  of  Managers  of  this  Club  wishes  to- 
extend  the  courtesies  of  the  Club  to  the  members  of  your  Society  dur> 
ing  the  time  of  the  present  meeting. 

**  Yours  very  truly, 

"  L.  O.  HOWABD, 

''Secretary.'' 

"  Commandant*s  Office, 

•*  United  States  Navy  Yabd, 

**  Washinoton,  D.  C,  May  19th,  1902. 
''Deab  MEiiViLLE. — Thanks  for  the  invitation  to  be  the  guest  of 
the  Society  of  Civil  Engineers  this  week.  I  find  in  the  programme  a 
visit  to  the  Navy  Yard,  Wednesday  afternoon,  and  for  the  entertain- 
ment of  the  visitors  we  have  arranged  to  put  a  jacket  on  a  12-in.  gun, 
about  2.30  that  day.  We  had  intended  to  do  this  to- day,  but  post- 
poned it  to  Wednesday  that  members  of  the  Society  might  see  it. 

"  Hastily  yours, 

"Tbbby." 

Bkbnabd  B.  Gbeen,  M.  Am.  Soc.  C.  E. — I  want  to  introduce  a  reso- 
lution, but  prior  to  that  I  want  to  say  that  the  Local  Committee 
understands  there  may  be  warmer  weather  this  week,  and,  therefore,, 
a  less  suitable  time  is  coming  to  put  the  jacket  on  that  g^un. 
(Laughter.) 

They  need  a  great  deal  of  heat,  however,  for  that  purpose. 
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As  a  member  of  the  Local  Committee,  I  beg  to  offer  the  following 
resolution : 

**  That  the  officers  of  the  Corps  of  Engineers  of  the  United  States  invitations. 
Army— the  local  officers — the  local  officers  of  the  Corps  of  Engineers  of 
the  United  States  Navy,  the  civil  eng^eers  of  the  city,  not  members 
of  this  Society,  and  the  Washington  Chapter  of  the  American  Institute 
of  Architects,  be  invited  to  attend  the  meetings  of  this  Convention." 

The  resolution,  being  duly  seconded,  was  carried  unanimously. 

David  S.  Cablii,  M.  Am.  Soc.  C.  E. — The  Secretary  has  read  the 
letter  of  the  President  of  the  Traction  Company.  A  number  have 
asked  what  lines  the  Traction  Company  operates.  They  operate  the 
cars  running  on  Pennsylvania  Avenue,  out  14th  Street,  out  7th  Street, 
imd  out  to  the  Zoological  Park.  There  is  a  map  of  the  whole  system 
in  the  rear  of  the  hall.  On  that  map  the  lines  of  the  Traction  Com- 
pany are  shown  by  heavy  dotted  lines.  J  wish  further  to  call  your 
-attention  to  the  excursion  this  afternoon  to  Cabin  John  Bridge.  The 
programmes  are  wrong,  and  if  you  will  look  at  the  head  of  the  list  of 
members  you  will  find  that  it  says,  **  through  the  courtesy  of  the 
"Washington  Traction  Company."  It  should  be  **  the  Washington 
Bailway  and  Electric  Company."  It  also  says  that  the  cars  will  be 
waiting  in  front  of  the  Ebbitt  House.  Now,  the  cars  can't  wait, 
although  it  says  that  they  can,  because  there  is  a  three-minute  service 
on  the  road,  which  they  must  maintain,  but  there  will  be  plenty  of 
cars  there  for  all  who  want  to  go  to  Cabin  John  Bridge,  through  the 
-courtesy  of  the  Washington  Railway  and  Electric  Company. 

WzLiiiAM  M.  Black,  M.  Am.  Soc  C.  E. — Ladies  and  gentlemen, 
there  is  something  that  may  be  an  attraction  for  some  of  you  which  is 
not  down  on  the  programme.  The  Engineers'  School  and  Battalion 
is  stationed  at  Washington  Barracks,  and  it  says  on  the  programme 
they  will  give  you  a  pontoon  bridge-building  drill  on  Thursday  morn- 
ing. In  addition  to  that,  I  wish  to  state  that  every  evening  of  this 
week,  except  Thursday  and  Saturday,  there  will  be  a  regular  guard 
mounting,  concert  and  parade,  beginning  at  five  o'clock.  Guard 
mounting  at  five  o*clock  sharp,  concert,  and  then  dress  parade  at  half- 
past  five  every  evening,  and  we  would  like  to  see  you  down  there. 
Take  Pennsylvania  Avenue  cars  and  change  at  Seventh  Street.  That 
i^akes  you  down  to  the  Post. 

David  S.  Cakll. — Free. 

Mr.  BiiACK.—  Mr.  Carll  says  free,  but  if  you  take  the  other  line  on 
F  Street  and  then  change  at  the  comer  of  9th  and  F  Streets,  that  line 
will  also  take  you  down  to  the  gates  of  the  Post,  going  down  9th 
Street,  and  we  would  be  very  glad  to  see  any  of  you.  As  I  said,  guard 
mounting  is  at  five  o'clock,  band  concert  immediately  after,  and  dress 
parade  at  half-past  five.  The  Secretary  desires  me  also  to  say  that, 
the  Convention  being  unexpectedly  large  and  the  excursion  unex- 
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invitaiioiis  pectedly  popular,  we  will  have  to  make  a  slight  change  in  the  excnr* 
(oont  ued).  ^^^^  ^^  Thursday,  to  this  extent:  Marshall  Hall  can  only  accommodate 
500  persons,  so  that  the  tickets,  which  will  include  the  dinner  on. 
Thursday,  will  be  limited  to  500,  and  those  who  haven't  them  may 
not  get  them,  because  there  are  only  about  120  left.  However,  there 
will  be,  in  addition  to  that,  200  tickets  at  75  cents  each,  which  will  not 
include  the  dinner,  but  anyone  getting  a  75-cent  ticket  will  be  able  ta 
buy  a  small  lunch  on  the  boat.  The  boat  is  large  enough;  simply  the 
accommodations  at  Marshall  Hall  for  planked  shad  are  limited. 

There  being  no  further  business,  the  meeting  was  adjourned. 

BUSINESS  MEBTINQ. 

Business        Wednesday,  May  Jist*  190a. — The  meeting  was  called  to  order  at 
c^nve^.  10.30  A.  M. ;  President  Bobert  Moore  in  the  Chair;  Chas.  Warren  Hunt, 
Secretary. 

The  Pbesidbnt. — Gentlemen,  this  being  the  Annual  Business  Meet- 
ing, a  very  important  meeting  in  the  affairs  of  the  Society,  we  will 
Report  of    Proceed  to  business.     The  first  thing  on  the  programme  is  a  report  of 
^^JSJj^5m°  *^®  Committee,  appointed  at  the  Niagara  Convention,  on  the  desira-^ 

Pr«3tioe~3    bility  of  action  being  taken  for  the  protection  of  engineers  and  the 
Engineering.        ,  f.     -  .  x     i.  ^x. 

public  from  incompetent  practitioners. 

The  Secretary  read  the  report  as  follows: 

REPORT  OF  THE  COMMITTEE  ON  REQULATINO  THE 
PRACTICE  OF  ENQINEERINQ. 

To  THE  American  Society  of  Civil  Engineers: 

The  Commifctee  authorized  by  the  last  Annual  Convention,  and 
appointed  by  the  President,  to  consider  and  report  upon  the  advisa- 
bility and  practicability  of  regulating  the  practice  of  Engineering,  with 
the  object  of  excluding  incompetent  persons  from  practice,  begs  leave 
to  present  the  following  report: 

In  the  prosecution  of  its  work  the  Committee  made  an  effort  to 
collect  information  relating  to  what  has  already  been  done,  or  attempted, 
to  regulate  the  practice  of  the  profession  in  this  and  other  countries, 
and  also  to  learn,  as  far  as  practicable,  what  has  been  done  by  other- 
professions  and  by  some  trades  toward  regulating  their  practice,  and 
a  brief  synopsis  may  be  of  interest. 

So  far  as  the  Committee  is  advised,  there  exist  no  laws  in  the  United 
States  regulating  or  limiting  the  practice  of  Engineering  in  any  of  its 
branches,  with  the  exception  of  the  Architects*  law  mentioned  later. 
Efforts  have  been  made  in  a  few  States  to  secure  the  enactment  of  such 
laws,  but  without  success. 

In  Canada  the  subject  has  been  agitated  for  a  number  of  years,, 
with  the  result  that  acts  relating  to  Civil  Engineers  have  been  passed 
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in  the  ProvinceB  of  Quebec  and  Manitoba.  These  acts  are  qnite  similar 
in  their  essential  requirements.  The  Quebec  law,  which  was  approved 
January  15th,  1898,  after  reciting  in  the  preamble  the  fact  of  the 
incorporation  of  the  Canadian  Society  of  Civil  Engineers,  and  declar- 
ing that  it  is  desirable  to  establish  the  qualifications  necessary  to 
anthorize  persons  to  practice  as  Civil  Engineers  in  the  Province, 
enacts  that,  after  January  1st,  1899,  no  person  shall  be  entitled  to  use 
the  title  of  Civil  Engineer  or  to  practice  the  profession  unless  he  shall 
be,  or  shaU  become,  a  member  of  the  Canadian  Society  of  CivU  Engi- 
neers. It  defines  the  qualifications  necessary  for  admission  to  the 
Society,  and  the  conditions  of  membership.  A  board  of  examiners  is 
constituted,  consisting  of  six  persons,  four  of  whom  shall  be  named  by 
the  Council  of  the  Society,  and  one  each  by  McGill  University  and 
liival  University.  This  Board  shall  meet  at  least  twice  each  year  to 
examine  candidates  who  may  apply  for  admission  to  the  Society 
either  as  students  or  as  corporate  members.  Those  admitted  as 
students  may  be,  after  passing  a  later  prescribed  examination,  ad- 
mitted as  corporate  members.  In  either  cape  the  applicant  must 
pay  in  advance  of  the  examination  the  entrance  fees  to  the  Society. 
Persons  who  pass  the  advanced  examination  receive  a  diploma,  and 
become,  without  further  action  on  the  part  of  the  Society,  corporate 
members. 

The  act  prescribes  that  no  by-law  that  may  be  adopted  by  the 
Society  shall  have  force  or  effect  until  approved  by  the  Lieutenant 
Governor  of  the  Province.  The  practical  effect  of  the  law  is  to 
moke  corporate  membership  in  the  Canadian  Society  of  Civil  Engi- 
neers the  condition  upon  which  the  profession  may  be  practiced  in 
the  Province.  Exception  is  made  in  the  case  of  persons  authorized  to 
practice  by  previous  legislation.  Persons  not  thus  authorized  to  prac- 
tice cannot  recover  before  any  court  or  justice  any  sum  of  money  for 
civil  engineering  services,  and  they  are  liable  to  a  fine  not  exceeding 
$25  for  assuming  or  using  the  title  of  Civil  Engineer  or  of  membership 
in  the  Society. 

Tiie  Manitoba  Act,  approved  March  19bh,  1899,  after  referring  more 
in  detail  to  the  organization  and  management  of  the  Canadian  Society 
of  Civil  Engineers,  closes  with  a  section  (17),  as  follows: 

'*  On  and  aft«r  the  lE(t  day  of  July,  1896,  no  person  shall  be  entitled 
within  this  Province  to  take  or  use  the  name  and  title  of  *  Civil  Engi- 
neer '  or  &1J  abbreviation  thereof,  either  alone  or  in  combination  with 
any  other  word  or  words,  or  any  name,  title  or  description  implying 
that  he  is  a  member  of  the  said  Society  of  Civil  Engineers,  or  act  as 
Engineer  in  laying  out,  advising  on,  constructing  or  superintending 
the  construction  of  any  railway  or  public  work,  or  any  work  upon 
which  public  money  is  expended,  the  cost  of  which  shall  exceed  $500, 
unless  such  person  is  a  member  of  the^  Society  hereby  incorporated 
and  registered  as  such  under  the  provisions  of  this  Act,  or  unless  he 
is  a  duly  qualified  Civil  Engineer,  and  entitled  to  use  the  title  of  Civil 
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Beport  ef     Engineer  by  yirtne  of  some  statate  in  force  in  this  ProTince,  or  bj 

^^SiSSS^  ^^6  anthoritj  of  some  instifntion  of  learning  in  this  Province  having 

P^^ioe/%    anthority  to  confer  degrees  in  CiTil  Engineering,  or  unless  he  has  been 

f^'^^^^^^Sf  pi^actising  as  a  Civil  ^gineer  in  this  Province  at  the  time  of  the  pass- 

°    u    '*  iog  of  this  Act,  or  unless  he  is  a  member  in  good  standing  of  some 

Institution  of  Civil  Engineers  in  Great  Britain  and  Ireland,  or  of  some 

National  Society  of  Civil  Engineers  of  good  standing  in  any  foreign 

country." 

It  will  be  noted  that  while  the  leading  provisions  of  this  Act  are 
quite  similar  to  those  of  the  Quebec  Act,  it  is  somewhat  more  libera], 
since  it  exempts  persons  practicing  Civil  Engineering  at  the  time  the 
act  was  passed,  as  well  as  members  of  National  Societies  of  Civil  Engi- 
neers, and  those  upon  whom  the  degree  of  Civil  Engineer  may  be  con- 
ferred by  institutions  of  learning.  The  Act  provides  no  penalty  for  its 
violation.  Efforts  have  been  made  to  secure  the  passage  of  a  similar 
law  bv  the  Provincial  Parliament  of  the  Province  of  Ontario,  bnt  so 
far  without  success,  an  act  very  similar  to  the  Quebec  Act  having  been 
rejected  at  the  last  session  of  the  Parliament. 

These  Canadian  measures  have  not  been  in  force  long  enough  to 
afford  a  practical  test  of  their  value,  particularly  as  no  serious  attempt 
has  yet  been  made  to  enforce  them  rigorously.  It  seems  to  be  felt  that 
such  enforcement  must  await  the  adoption  of  similar  legiFlation  in  the 
other  Provinces,  and  that  they  must,  for  the  present,  be  regarded  as 
little  more  than  educational  in  character. 

Mexico  has  a  system  of  licensing  Engineers  that  possesses,  in  theory 
at  least,  some  meritorious  features.  In  the  regular  course  of  intro- 
duction to  practice,  all  candidates  for  professional  pursuits  must  take 
the  prescribed  course  of  stady  in  the  official  Government  schools, 
which  are  organized  and  conducted  upon  something  like  the  same 
lines  as  the  military  and  naval  academies  at  West  Point  and  Annapolis. 
Candidates  for  the  profession  of  Engineering  must  spend  the  last  year 
of  the  course  of  study  in  the  field  upon  some  public  work  in  course  of 
construction.  The  Government  makes  provision  for  this  by  inserting 
in  all  Government  concessions  and  contracts  a  clause  requiring  the 
concessionaries  or  contractors  to  provide  for  the  reception  of  these 
students  upon  their  work,  a  salary  or  allowance  sufficient  for  their 
support  being  provided  by  the  Government.  The  students  must  study 
the  practical  featuies  of  the  work  with  which  they  are  connected,  and 
must  prepare  drawings  and  reports  upon  the  same,  which  they  must 
present  for  their  final  examination  at  the  end  of  the  year.  If  they  pass 
this  examination  successfully  they  receive  their  "title"  or  diploma, 
which  authorizes  them  to  practice  the  profession  in  any  part  of  Mexico. 
Persons,  either  native  or  foreign,  not  graduates  of  the  Gk)vemment 
schools,  may  be  granted  similar  titles  to  practice,  by  passing  a  pre- 
scribed examination,  among  the  requirements  for  which  are  a  knowl- 
edge of  the  Spanish  language,  and  the  presentation  of  drawings  of 
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"works  with  which  they  have  been  connected.  Gradnates  of  technical 
^ohools,  other  than  those  of  the  Mexican  Government,  and  members  of 
foreign  engineering  societies  are  entitled  to  enter  these  examinations. 
The  law  does  not,  however,  prohibit  professional  practice  by  those, 
whether  native  or  foreign,  who  do  not  possess  Government  titles  or 
licenses,  bnt  all  plans,  reports,  etc.,  which  require  the  approval  of  the 
Ooverament,  all  Government  land  surveys  and  all  engineering  docu- 
ments to  go  before  the  courts,  must  be  signed  by  a  titled  engineer. 
In  practice,  however,  it  is  stated  to  be  quite  usual  for  such  work  to  be 
done  by  untitled  engineers  who  then  secure  the  signature  of  a  titled 
•engineer,  though  he  may  not  have  had  any  other  connection  with  the 
work,  or  may  be  employed  by  the  untitled  engineer  in  some  subor- 
dinate position.  Whatever  opinion  may  be  held  as  to  the  practical 
utility  of  the  system,  it  undoubtedly  confers  upon  the  profession  a 
•certain  degree  of  dignity  and  standing  that  would  otherwise  be 
wanting. 

The  Committee  has  not  been  able  to  ascertain  that  any  provision 
exists  in  European  countries  for  the  licensing  of  engineers  or  for  the 
regulation  of  professional  practice  except  in  so  far  as  such  regulation 
may  be  brought  about  by  the  civil  service  examinations  in  force  in 
most  of  these  countries.  In  governmental  work  the  graduates  of 
official  technical  schools  are  required  to  perform  certain  duties,  and 
they  enjoy  certain  advantages,  but  no  restriction  is  placed  upon  the 
general  practice  of  the  profession  by  any  who  may  choose  to  engage  in 
•engineering  work.  ^ 

Correspondence  with  engineers  in  England,  Germany  and  France 
indicates  that  in  their  opinion  no  legal  regulation  of  practice  has  been 
found  necessary  or  is  thought  desirable. 

With  the  exception  of  the  Ministry,  practice  in  all  the  professions 
other  than  Engineering  is  regulated  by  law  in  nearly  all  the  States  of 
the  United  States,  and,  while  we  cannot  attempt  to  go  into  detail,  it 
may  be  well  to  refer  in  a  general  way  to  what  has  been  done  in  these 
other  professions. 

It  is  a  noteworthy  fact  that  as  a  rule  the  most  stringent  measures 
and  the  highest  standard  of  requirements  are  found  in  the  older  and 
more  completely  developed  States,  and  that  the  standard  of  prepara- 
tion and  proficiency  required,  as  well  as  the  penalties  prescribed  for 
practicing  without  proper  authorization,  have  been  advanced  materially 
in  recent  years. 

In  the  Law,  regulations  governing  admission  to  the  Bar  are  in  force 
in  all  the  States  and  Territories.  The  States  of  New  York  and  Illinois 
may  be  taken  as  examples  of  the  latest  and  most  advanced  require- 
ments in  that  profession. 

In  New  York,  applicants  for  admission  to  the  Bar  must  undergo  a 
formal  examination  before  a  Board  constituted  for  the  purpose.     In 
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Report  of     addition  to  a  good  general  ednoation,  the  applicant  mnst  satiBfy  th& 

Regulating    Board  that  he  has  pnrsned  the  atndy  of  Law  for  at  least  three  years, 

^^DMii^    and  must  pass  an  examination  npon  legal  snbjects  selected  by  the 

(continued).    Board.    In  Illinois,  similar  requirements  are  made  as  to  a  good  general 

education  and  three  years'  study,  and  the  examination  covers  all  the 

leading  branches  of  the  law.     This  examination  is  so  severe  that  there 

are  many  failures  to  pass,  even  by  graduates  of  law  schools. 

Attorneys  from  other  States  are  admitted  upon  afiSdavit  that  the 
course  of  study  pursued  by  them  was  equal  to  that  required  in  the 
State,  that  they  were  regularly  admitted  to  the  Bar,  and  that  they 
have  practiced  two  full  years. 

In  the  Medical  profession  there  has  been  a  marked  increase  in  the- 
requirements,  though  there  is  gresA  diversity  in  those  of  the  different 
States.  New  York  requires  a  candidate  to  have  a  general  education 
equivalent  to  a  good  high-school  course;  to  have  studied  medicine  not- 
less  than  four  full  school  years  of  at  least  nine  months  each,  including 
not  less  than  four  satisfactory  courses  of  at  least  six  months  each  in 
four  different  calendar  years  in  a  medical  college,  resulting  in  a  degree- 
of  M.  B.  or  M.  D. ;  or  a  diploma  or  license  entitling  him  to  practice  in 
some  foreign  country.  The  candidate  is  then  examined  in  anatomy,, 
physiology,  hygiene,  chemistry,  surgeiy,  obstetrics,  pathology  and 
diagnosis,  and  therapeutics,  including  practice  and  materia  medica. 
The  fee  for  examination  is  $25.  The  regulation  of  admission  to  prac- 
tice is  under  the  control  of  the  Regents  of  the  University,  who  appoint 
three  State  Examining  Boards  from  lists  furnished  'by  the  three  State 
medical  societies,  who  conduct  the  examinations;  but  the  Begents  issue 
the  licenses.  In  Illinois,  the  whole  matter  is  in  the  hands  of  the  State 
Board  of  Health.  The  requirement^  are  somewhat  similar  to  those  of 
New  York,  including  the  four  years  of  medical  study  and  the  exam- 
ination. The  penalty  for  practicing  without  license  is  9100  for  the 
first  offence  and  $200  for  each  subsequent  offence. 

In  Dentistry,  license  to  practice  is  required  in  nearly  all  the  States, 
such  licenses  being  generally  issued  to  those  having  diplomas  from 
dental  colleges,  though  twenty -three  States  require  a  special  examina- 
tion, even  where  the  applicant  is  in  possession  of  a  diploma. 

Teachers  in  the  public  schools  must  be  licensed  in  all  the  States, 
and  a  distinctive  feature  of  teachers'  licenses  is  their  classification 
with  reference  to  the  proficiency  and  experience  of  the  applicant,  so 
that  the  grade  of  license  held  by  a  teacher  indicates  to  the  public  the 
relative  ability  and  standing  of  its  possessor. 

In  Architecture,  efforts  have  been  made  in  a  number  of  States  to 
secure  legislation  defining  the  duties  and  regulating  the  practice  of 
architecture,  but,  up  to  the  present  time,  only  three  States — California,. 
New  Jersey  and  Illinois — have  laws  licensing  architects.  The  Com- 
mittee is  informed  that  there  is  much  difference  of  opinion  among: 
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arehitects  as  to  the  deeirabUitj  of  such  laws,  and  in  a  number  of  States- 
where  the  matter  has  been  agitated  the  profession  has  been  found 
almost  equally  divided  for  and  against  them.  The  Illinois  law  went 
into  effect  July  1st,  1897.  It  is  of  unnsnal  interest,  as  Architecture  ia 
a  branch  of  Engineering,  and  the  law  and  the  examinations  for  which 
it  provides  are  framed  along  lines  more  or  less  applicable  to  other 
branches  of  Engineering.  The  law  has  been  in  operation  long  enough 
to  give  some  idea  of  its  practical  working.  It  may,  therefore,  be  of 
interest  to  give  an  oatUne  of  its  provisions  and  the  results  so  far 
attained.     The  chief  provisions  are  the  following: 

Every  practicing  Architect  must  be  licensed.  Any  person  prac- 
ticing Architecture  as  a  profession  on  JuJy  1st,  1897,  was,  upon 
proof  of  that  fact,  entitled  to  a  license  without  an  examination  of  his 
qualifications.  Other  candidates  for  license  must  successfully  pass  a 
very  full  examination,  which  occupies  three  days,  two  of  which  are 
devoted  to  written  examinations  and  one  to  planning  and  drawing. 
This  examination  has  special  reference  to  the  construction  of  build- 
ings, the  strength  of  materials,  the  details  of  construction,  the  super- 
vision of  work  in  progress,  and  the  application  of  sanitary  science  in 
building. 

The  practicing  Architect  must  impress  all  plans,  specifications, 
etc.,  issued  from  his  office,  vdth  a  seal  bearing  his  name  and  address. 
Contractors  may  prepare  their  own  working  drawings,  for  work  they 
haye  contracted  to  do,  without  violating  the  law. 

The  law  defines  *' architect  "  and  "  building  "  as  follows: 

"  Any  person  who  shall  be  engaged  in  the  planning  or  supervision 
of  the  erection,  enlargement  or  alteration  of  buildings  for  others,  and 
to  be  constructed  by  other  persons  than  himself,  shall  be  regarded  as 
an  architect,  within  the  provisions  of  this  act,  and  shall  be  held  to 
comply  with  the  same;  but  nothing  contained  in  this  act  shall  prevent 
the  draughtsmen,  students,  clerks  of  works  or  superintendents,  and 
other  employees  of  those  lawfully  practicing  as  architects,  under 
license  as  herein  provided  for,  from  acting  under  the  instruction,  con- 
trol or  supervision  of  their  employers;  or  shall  prevent  the  employ- 
ment of  superintendents  oi  buildings,  paid  by  the  owners,  from  act- 
ing, if  under  the  control  and  direction  of  a  licensed  architect  who  has 
prepared  the  drawings  and  specifications  for  the  building.  The  term 
building  in  this  act  shall  be  understood  to  be  a  structure,  consisting  of 
foundation,  walls  and  roofs,  with  or  without  the  other  parts;  but  noth- 
ing contained  in  this  act  shall  be  construed  to  prevent  any  person, 
mechanic  or  builder  from  making  plans  and  specifications  for,  or 
supervising  the  erection,  enlargement  or  alteration  of  any  buUding 
that  is  to  be  constructed  by  himself  or  employees;  nor  shall  a  civil 
engineer  be  considered  as  an  architect  unless  he  plans,  designs  or 
supervises  the  erection  of  buildings,  in  which  case  he  shall  be  subject 
to  all  the  provisions  of  this  act,  and  be  considered  as  an  architect  " 

The  examination  fee  is  $15,  and  the  license  fee  is  $25.  The  license 
must  be  renewed  annually,  for  which  the  fee  is  $5.  Penalties  of  $50 
to  $500  are  provided  for  practicing  without  a  license. 

Regarding  the  practical  results  from  the  operation  of  this  law.  Dr. 
N.  Clifford  Bicker,  Professor  of  Architecture  in  the  University  of 
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Beport  of     Illinois,  and  President  of  the  State  Board  of  Examiners  of  Architects, 

Gommittee  on  aAxrw 
Begulatlng     ^J»- 

Bngineeiixuc  ''  The  general  results  of  the  law  have  been  decidedly  advantageons 
(continued),  to  the  public,  as  well  as  to  the  profession.  Numerous  shysters  and 
incompetents  have  been  driven  out  of  practice,  especially  in  Chicago 
and  its  vicinity,  where  a  considerable  number  of  men  have  been  pros- 
ecuted and  fined.  The  professional  status  of  the  Architect  has  been 
very  materially  elevated,  and  the  general  public  is  learning  that  there 
is  a  difference  between  the  Architect  and  the  contractor,  and  to  beware 
of  a  person  attempting  to  perform  both  services  at  the  same  time. 
No  man  should  have  an  interest  in  the  profits  of  the  erection  of  a 
building  built  under  his  direction  and  subject  to  his  approval,  acting  as 
the  expert  advisor  and  agent  of  the  owner.  Draughtsmen  in  the 
larger  olBces  have  been  restrained  from  practicing  on  their  own  ac- 
oount,  unless  they  pass  examinations  and  obtain  a  license.  The  pro- 
fessional education  and  training  necessary  to  the  successful  practice  of 
Architecture  has  very  materially  increased  during  the  existence  of  the 
law.  Nearly  one-sixth  of  the  number  of  architects  licensed  without 
examination  have  been  replaced  by  men  who  have  passed  the  exam- 
inations now  required.  At  this  rate,  it  may  reasonably  be  expected 
that  incompetent  men  among  those  licensed  without  examination  will 
have  left  the  profession  at  the  end  of  the  next  ten  years,  when  all 
practicing  architects  will  have  either  passed  the  examination  or  possess 
equal  preparation  for  the  work.  The  professional  standing  for  the 
architect  should  then  in  Illinois  equal  that  of  the  lawyer  or  the 
physicinn." 

In  many  of  the  *<  Trades,"  or  guilds,  of  this  country  the  conditions 
under  which  persons  may  assume  to  practice  the  art  or  skill  of  the 
trade  have  been  quite  effectively  defined  and  regulated,  but  the  Com* 
mittee  cannot  take  up  this  branch  without  encroaching  too  greatly 
upon  the  time  of  the  Convention. 

The  arguments  in  favor  of  some  effective  measure  to  prevent  the 
practice  of  quackery  in  the  profession  and  to  protect  the  public  from 
imposition  are  so  familiar  to  all  that  it  is  unnecessary  to  repeat  and  re- 
view them  in  this  report.  There  can  be  no  doubt  that  a  large  number 
among  the  reputable  engineers  now  in  practice  are  earnestly  iu  favor 
of  regulation  and  restriction,  not  only  in  the  interest  of  the  profession, 
but  for  the  protection  and  benefit  of  the  public.  On  the  other  hand, 
the  discussion  of  the  subject  at  the  last  Convention,  and  since,  discloses 
<;learly  the  fact  that  a  large  number  of  engineers,  among  them  some 
of  the  leading  members  of  the  profession,  believe  that  such  restrictive 
measures  are  not  only  unnecessary,  but  inexpedient  and  unwise. 

The  members  of  the  Committee  are  not  unanimous  in  the  opinion 
that  it  is  desirable  to  restrict  engineering  practice  in  order  to  exclude 
incompetents,  even  if  it  were  possible  to  secure  satisfactory  legislation 
to  accomplish  that  purpose. 

After  a  careful  study  of  the  matter  in  all  its  bearings  the  Committee 
has  arrived  at  the  conclusion  that  it  is  inexpedient  for  the  Society  to 
take  any  action  in  the  matter,  at  this  time,  ODly  one  of  its  members 
inclining  to  the  opposite  view. 
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Some  of  the  reasons  that  have  led  to  this  conclusion  are  the  follow- 
ing: 

Legislation  intended  to  regulate  and  control  professional  practice 
should  be  of  substantially  uniform  character  and  application  through- 
out the  whole  of  the  United  States.  As  it  is  not  within  the  province 
of  the  National  Government  to  enact  such  legislation,  it  could  only  be 
secured  through  the  independent  action  of  the  several  States.  Expe- 
rience in  attempting  to  obtain  uniform  legislation  relating  to  matters 
of  great  importance  to  society  has  demonstrated  that  it  is  very  diffi- 
cult, if  not  practically  impossible,  to  secure  the  enactment  of  uniform 
laws  in  even  a  considerable  number  of  separate  States,  though  the 
measures  proposed  may  meet  the  approval  of  the  public,  or  may  at 
least  be  not  seriously  opposed  by  any  considerable  number. 

It  is  quite  improbable  that  the  legislation  necessary  to  regulate 
engineering  practice  could  be  secured  in  the  several  States  without 
the  approval  and  active  co-operation  of  a  large  majority  of  the  people, 
and  the  Committee  does  not  believe  that  it  would  be  possible  to  arouse 
such  a  degree  of  public  interest  in  the  proposed  legislation  as  to  make 
its  enactment  possible. 

The  two  main  arguments  that  have  been  advanced  in  favor  of  a 
measure  of  this  character  are  that  it  would  be  beneficial  to  the  profes- 
sion, and  that  it  is  necessary  for  the  protection  of  the  public.  The  fact 
that  legislation  is  designed  for  the  protection  of  any  one  class,  how- 
ever large  and  important  that  class  may  be,  would  very  certainly 
arouse  opposition  to  it,  on  general  principles,  and  this  opposition 
would  be  emphasized  by  the  hostility  of  those  whose  personal  inter- 
ests might  be  afiected  thereby.  It  might  be  difficult  to  convince  that 
part  of  the  public  who  regard  with  suspicion  any  attempt  to  restrict 
personal  liberty  that  the  members  of  the  profession,  in  urging  such  a 
measure,  are  actuated  alonQ  by  a  disinterested  desire  to  elevate  the 
profession  and  to  protect  the  public,  rather  than  by  less  worthy  mo- 
tives. To  whatever  extent  individual  employers  may  be  imposed  upon 
by  engineering  quackery,  the  results  do  not  usually  afifect  the  commu- 
nity as  a  whole,  and  the  public,  therefore,  does  not  take  an  active 
interest  in  the  matter.  In  this  respect  engineering  is  different  from 
the  other  professions  in  which  legal  regulation  has  been  so  generally 
adopted.  Thus,  the  basis  on  which  restrictive  legislation  has  been 
secured  in  the  practice  of  Medicine,  Pharmacy  and  Dentistry  is  the 
police  power  of  the  State  to  protect  life  and  healfch;  the  attorney  is, 
in  theory  at  least,  an  officer  of  the  Court,  and  is,  therefore,  a  part  of 
the  machinery  for  the  administration  of  justice;  and  the  character  and 
ability  of  the  public  school  teacher  is  a  matter  in  which  every  citizen 
is  interested  and  into  which  he  has  a  right  to  inquire.  No  such 
broad  and  general  basis  can  be  claimed  for  the  engineering  profession, 
except,  perhaps,  in  the  case  of  engineers  in  official  public  service,  and 
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Report  of     vith  regard  to  these  it  is  doubtful  whether  restrictive  legislation  can 
^R«gulatin^'^  be  made  to  apply  to  elective  officials,  and  there  is  reason  to  hope  that 
^rajjtice  of    ^ije  improvement  and  extension  of  the  Civil  Service  system  will  effect- 
(continued),    nally  exclude  incompetent  appointees. 

To  secure  the  enactment  of  any  laws  of  the  character  contemplated 
it  would  undoubtedly  be  essential  that  the  profession  shall  be  united 
in  its  demand  for  them.  It  is  evident  that  at  present  such  unanimity 
does  not  exist. 

Granting  that  restrictive  legislation  could  be  secured,  and  enforced, 
a  careful  study  of  the  details  necessary  to  be  considered  in  framing 
the  terms  of  the  measure  discloses  the  fact  that  very  serious  difficul- 
ties would  be  met  with  in  attempting  to  provide,  on  the  one  hand, 
such  definite  conditions  as  would  make  the  enactment  effective,  but 
which  would  not,  on  the  other  hand,  impose  restrictions  on  the  indi- 
vidual liberty  of  the  citizen.  In  some  respects  the  profession  is 
anomalous.  No  precise  and  adequate  definition  of  Civil  Engineer- 
ing has  been  proposed  and  accepted  by  either  the  profession  or 
the  public.  The  wide  range  and  diverse  nature  of  the  work  of 
the  Engineer  makes  it  very  difficult  to  frame  such  a  definition,  and  it 
is  not  easy  to  differentiate  professional  work  from  that  which  is  not 
professional,  or  to  distinguish  between  the  function  of  the  professional 
engineer  and  that  of  the  skilled  mechanic.  Furthermore,  the  profes- 
sion of  Engineering  is  divided  into  a  number  of  more  or  less  distinct 
branches,  each  with  its  special  line  of  practice,  and  each  having  a 
separate  professional  organization;  but  these  branches  are  so  inti- 
mately connected  with  each  other,  or  they  so  overlap  each  other  in 
practice,  that  it  would  be  very  difficult  to  define  clearly  the  line  of 
demarcation  between  them,  and  to  frame  laws  which  would  apply  to 
one  without  affecting  the  others.  For  this  reason,  if  for  no  other,  it 
would  be  very  desirable  that  any  legislative  regulation  should  be  of 
such  a  general  character  as  to  embrace  the  whole  field  of  engineering. 
Such  general  legislation  could  not  be  framed  without  a  very  careful 
study  of  existing  conditions,  and  of  controlling,  facts  and  principles 
from  the  standpoint  of  each  department  of  the  general  profession,  and 
its  passage  could  not  be  secured  without  the  active  co-operation  of 
the  professional  organizations  of  the  several  divisions  of  the  profes- 
sion. With  the  exception  of  the  Architects,  the  other  bi*anches  of  the 
profession,  so  far,  have  shown  no  active  disposition  to  take  up  the 
matter  of  legislative  control  of  professional  practice,  and  the 
Committee  is  of  the  opinion  that  efforts  to  obtain  their  co-operation 
at  the  present  time  would  be  fruitless. 

The  application  of  the  Civil  Service  examinations  to  candidates  for 
professional  positions  in  National,  State  and  Municipal  service,  will, 
in  time,  render  the  existence  of  special  restrictive  legislation  less 
important  in  these  departments  of  professional  work.     Much  remains 
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to  be  done  before  these  examinationB  shall  be  entirely  effective  in 
sifting  out  a  class  of  incompetents  who  have  heretofore  been  able  to 
obtain,  through  political  or  other  influence,  positions  for  which  they 
were  unfitted.  The  testimony  of  those  whose  experience  makes  their 
opinion  of  value  indicates  what  while  the  machinery  of  the  system,  as 
applied  to  the  technical  classes,  is  as  yet  more  or  less  crude,  quite 
satisfactory  results  are  being  obtained,  and  the  hope  is  justified  that 
as  the  service  is  extended  and  perfected  it  may  render  other  measures 
unnecessary  wherever  it  is  applicable. 

The  Committee  therefore  recommends  that  no  further  action  be 
taken  in  the  matter  by  the  Society  at  the  present  time. 

Bespect fully  submitted, 

S,  Whinbbt, 
Desmond  FitzGebaij), 

J.  F.  WAIiLACE, 
A.  N.  TAIiBOT, 

Em£l  Kuighuno. 

The  Fbesedent. — Gentlemen,  what  is  your  pleasure  in  regard  to 
this  report? 

A  Meubeb. — I  move  that  it  be  accepted  and  adopted. 

The  motion,  being  duly  seconded,  was  carried  unanimously. 

The  Pbesident. — The  next  order  of   business  is  the  report  of  the    Report  of 
<k>mmittee  appointed  at  the  Annual  Meeting  of  Jannary,  1902,  to  report  nj^Sfl^^ST 
on  the  method  of  classifying  applicants  for  membership  and  of  raising  and 

the  qualifications  for  the  various  grades.  for 

H.  G.  Prout,  M.  Am.  Soc.  G.  E.,  read  the  report,  as  follows:  Membership. 

REPORT  OP  A  COMMITTEE  ON  CLASSIFICATION   OP  APPLI- 
CANTS  POR  MEMBERSHIP  AND  ON  RAISING  THE 
STANDARD  OF  QUALIFICATIONS  FOR 
MEMBERSHIP. 

At  the  Annual  Meeting  of  the  American  Society  of  Civil  Engineers, 
held  January  15th  and  16th,  1902,  the  following  resolutions  were 
adopted : 

(1)  **  Resolved,  that  it  is  the  sense  of  this  meeting  that  the  Board 
of  Direction  shall  have  power  to  classify  applicants  before  their  names 
appear  on  any  published  list  of  candidates;  and  further 

''  Resolved,  that  a  Committee  be  appointed  to  report  an  amendment 
to  the  Constitution  which  shall  embody  this  idea,  at  the  next  Annual 
Convention  for  consideration. 

(2)  '*  Resolved,  that  a  Committee  be  appointed  to  report  to  the 
next  Annual  Convention  upon  raising  the  standard  of  qualifications 
for  the  several  grades  of  membership.** 

The  President  of  the  Society  appointed  the  undersigned  as  a  com- 
mittee to  report,  under  the  provisions  of  these  resolutions,  at  the 
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Beport  of     Annual  Convention  to  be  held  May  20tli,  and  that  Committee  has  the 
^luiS^atlon  honor  to  report  as  follows: 

QuaUflcations         (^^  Under  the  present  procedure  the  applicant  for  membership 
for  designates  in  his  application  the  grade  of  membership  into  which  he 

(continued),  wishes  to  be  elected.  It  is  not  material  to  consider  now  whether  or 
not  the  Constitution  requires  such  designation.  The  practice  is 
established.  His  name  goes  out  to  the  Society  on  the  ^*  blue  list "  as 
a  candidate  for  membership  in  such  grade.  This  also  is  established 
practice,  although  apparently  not  necessary  under  the  Constitution. 
Not  less  than  20  days  after  the  issue  of  the  ''blue  list**  the  Board 
considers  each  application,  and  may,  at  its  discretion,  request  the 
candidate  to  consent  to  re-classification ;  and  finally  may  direct  that 
the  name  go  to  ballot. 

(2}  A  committee  which  reported  at  the  last  Annual  Meeting  found 
that  in  the  last  ten  years  32  candidates,  who  had  been  rejected  by  the 
Society  on  the  secret  ballot,  have  asked  for  reconsideration,  and  have 
been  voted  upon  by  the  signed  ballot  known  as  ''the  pink  ballot.** 
Of  these  32,  19  were  elected  and  13  were  defeated.  These  occurrences 
have  caused  some  dissatisfaction  with  the  present  procedure,  and  the 
committee  which  reported  at  the  Annual  Meeting  thought  it  probable 
that  if  the  candidates  were  classified  by  the  Board  of  Direction,  the 
number  of  rejections  would  be  greatly  diminished. 

(8)  Those  who  have  served  on  the  Board  are  well  aware  that  it  ia 
often  expedieat  and  desirable  to  ask  a  candidate  to  submit  to  a  lower 
classification,  and  sometimes  to  accept  a  higher  classification.  But. 
it  is  believed  that  many  men  would  be  reluctant  to  accept  a  classifica- 
tion lower  than  the  one  in  which  they  have  been  rated  in  their  first- 
public  appearance  as  candidates,  namely,  in  the  "blue  list.'*  It 
seems  wise  and  politic  that  no  public  rating  of  candidates  should  be 
made  until  the  Board  has  decided  on  the  application  of  each  candi- 
date. But  this  decision  cannot  be  made  until  that  information  has 
been  gathered,  to  collect  which  the  "blue  list  *'  is  issued. 

The  Board  has  ample  power  now  to  classify  candidates,  as  it  may,, 
at  its  own  discretion,  decline  to  pass  a  candidate  to  ballot  in  any  one 
grade;  but  the  Constitution  has  been  construed  to  provide  that  the 
applicant  shall  himself  designate  the  class  to  which  he  wishes  to  be 
elected  or  transferred,  and  the  ofiicial  forms  of  application  have  been 
made  in  accordance  with  this  reading  of  the  Constitution. 

Furthermore,  the  practice  has  been  established  of   printing  the 
name  of  the  candidate  on  the  "blue  list**  under  the  grade  which  he. 
has  himself  selected. 

(4)  As  we  read  the  Constitution,  all  that  is  asked  for  in  the  first  of 
the  resolutions  under  which  we  were  appointed  may  be  accomplished 
under  the  Constitution  as  it  now  stands,  namely :  (a)  The  Board  may 
classify  candidates  at  any  stage  of  proceeding,  and,  in  fact,  doea. 
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classify  them  sooner  or  later,  {b)  The  Board  has  now  ample  power  to 
direct  that  the  **bliie  list"  shall  be  issued  as  an  unclassified  list  of 
candidates.  This  is  a  matter  of  procednre  to  be  governed  by  consid- 
erations of  expediency. 

(5)  Bat  it  is  desirable  and  important  that  the  applicants  should 
know  from  the  outset  that  the  Board  must  eyentually  designate  the 
class  under  which  any  candidate  goes  to  ballot;  and  that  the  Board 
should  always  have  clearly  in  mind  its  power  and  duty  in  this  respect. 
Further: 

It  is  necessary  that  the  Board  should  collect  information  before 
classifying  the  candidate,  and  the  most  economical  and  efficient  way 
to  collect  that  information  appears  to  be  to  send  out  the  name  of  the 
candidate  on  a  preliminary  list,  the  present  ''blue  list."  But  it  is 
important  and  desirable  that  in  this  preliminary  list  the  candidate 
should  appear  merely  as  a  candidate  for  election  into  the  Society,  or 
for  transfer,  with  no  indication  of  the  grade  to  which  he  aspires. 

In  Sections  3  and  4  of  this  Beport  we  have  expressed  the  opinion 
that  the  Board  has  now,  (1st)  ample  power  to  classify  candidates;  and, 
(2d)  power  to  issue  the  **  blue  list ''  as  an  unclassified  list.  Yet,  we 
are  informed  that  the  Board  has  interpreted  the  Constitution  as 
restricting  its  power  in  the  second  particular. 

(6j  Therefore,  in  order  to  remove  the  idea  that  the  ''blue  list" 
must  be  classified,  at  least  so  far  as  concerns  the  two  grades  of  cor- 
porate membership,  we  recommend  the  following  amendments  to  the 
Constitution: 

Amend  Art.  Ill  of  the  Constitution,  as  follows: 

Section  2,  first  line,  after  the  words  "Society  as,"  strike  out  the 
words  "Member  or  as  Associate"  and  insert  the  words  "a  Corpo- 
rate ";  second  line,  after  the  word  "  to  "  strike  out  the  words  "either 
grade  of."  Section  2,  Art.  Ill,  will  then  read,  "An  application  for 
admission  to  the  Society  as  a  Corporate  Member,  or  for  transfer  from 
any  other  grade  to  Corporate  Membership  shall  embody,"  the  rest  of 
the  section  standing  as  now. 

Section  3,  third  line,  after  the  word  "membership  "  strike  out  the 
words  "in  any  grade,"  and  after  the  word  "transfer"  strike  out  the 
words  "from  one  grade  to  another";  twelfth  line,  for  the  word 
*'  may  "  substitute  the  word  "  shall."  The  Section  will  then  read  as 
follows : 

"At  stated  periods,  to  be  determined  by  the  Board  of  Direction, 
there  shall  be  issued,  to  each  member  in  any  grade,  whose  address  is 
known,  a  list  of  all  new  applications  received  for  membership  or  for 
transfer,  which  list  shall  be  dated  and  shall  contain  a  concise  state- 
ment of  the  record  of  each  applicant  and  the  names  of  the  references 
in  the  case  of  Corporate  Member,  and  endorsers  in  the  case  of  Asso- 
ciate, Junior  or  Fellow,  with  a  request  that  members  transmit  to  the 
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Report  of     Board  any  information  in  their  possession  which  may  affect  the  dis- 

Claasiflcation  position  of  the  applications.     Not  less  than  twenty  days  after  the  issue 

QuAli^tions  ^^  such  list,  the  Board  of  Direction  shall  consider  these  applications, 

Mem^^fihi     together  with  any  information  in  regard  to  the  applicants  that  may 

(continued),    have  been  received;  may  make  further  inquiries,  if  deemed  expedient; 

shall  classify  the  applicant  with  his  consent,  and  on  applications  for 

Corporate  Membership  may  direct  a  ballot. " 

(7)  While  this  report  is  desired  especially  to  make  clear  the  power 
and  responsibility  of  the  Board  in  the  matters  covered,  we  suggest 
further  that  much  weight  should  be  given  by  the  Board  to  the  infor- 
mation and  opinion  of  those  who  write  concerning  the  qualifications 
of  the  applicants.  In  the  nature  of  things,  the  condensed  and  meager 
record  of  experience  can  give  but  an  imperfect  measure  of  a  man's 
character  and  ability;  and  it  may  easily  be  misleading. 

The  second  resolution  under  which  we  are  appointed  directs  us  to 
report  upon  "raising  the  standard  of  qualifications  for  the  several 
grades  of  membership."  The  qualifications  described  in  Art.  II  seem 
to  be  all  that  is  judicious  and  expedient  to  set  forth  in  the  letter  of 
the  law.  Their  seventy  must  remain  largely  a  matter  of  interpreta- 
tion by  the  Board  of  Direction.  A  Member  must  be  30  years  old;  in 
the  Institution  of  Civil  Engineers  (British)  he  must  be  25.  He  must 
have  had  10  years  of  practice;  in  the  Institution  he  must  have  had  five 
years.  In  the  Society  he  must  have  had  responsible  charge  of  work 
for  five  years  and  must  be  qualified  to  design ;  in  the  Institution  he 
shall  be  actually  engaged  in  a  responsible  situation.  In  the  grade  of 
Associate  Member  the  Society  requires  25  years  of  age,  six  years  of 
practice,  and  one'year  of  responsible  charge;  the  Institution  requires 
that  the  candidate  shall  be  25  years  of  age  and  shall  be  actually  en- 
gaged in  design  or  construction.  It  is  quite  apparent  that  the  spe- 
cified qualifications  are  higher  in  the  Society  than  in  the  Institution. 
It  is  also  apparent  that  the  phrases  '*  responsible  charge  *'  and  "  qual- 
ified to  design  as  well  as  direct "  are  capable  of  a  broad  range  of  in- 
terpretation, but  that  they  could  not  be  accurately  defined  in  the 
Constitution.  Further,  the  most  important  qualifications  for  mem- 
bership are  not  matters  of  education  or  ability,  but  of  character;  and 
character  could  be  specified  in  a  written  constitution  only  in  general 
terms.  It  follows  that,  in  the  end,  the  standard  of  qualifications  for 
membership  must  rest  mainly  in  the  judgment  of  the  Board  of 
Direction. 

It  has  been  suggested  that  hereafter  no  new  member  be  elected 
directly  to  the  grade  of  Member;  but  that  every  Member  be  required  to 
pass  first  through  a  lower  grade.  It  does  not  seem  expedient  to  put  such 
a  restriction  on  the  power  of  the  Board  of  Direction.  If  the  Board  is 
charged  with  the  specific  duty  of  classifying  candidates  before  they 
are  passed  to  ballot  we  may  well  rest  there,  for,  as  has  been  pointed 
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out  above,  the  standard  of  qualificatioDs  comes  back  finally  to  the 
judgment  of  the  Board. 

We  recommend  no  change  in  the  qnalifications  for  either  grade  as 
now  prescribed  in  the  Constitution. 

All  of  which  is  respectfully  submitted, 

H.  G.  Pbout,  Chairman. 

H.  A.  Cabson, 

T.  H.  Johnson, 

E.  J.  Blake, 

d.  bontbcou, 

Jas.  D.  Sohutlbb. 

I  subscribe  to  the  above  report  except  the  last  paragraph  which  I 
would  make  to  read  as  follows : 

"  We  recommend  no  change  in  the  qualifications  for  either  grade 
of  corporate  membership  as  now  prescribed  in  the  Constitution. " 

G.  S.  WlLIJAMS. 

The  Pbesident. — What  is  your  pleasure,  gentlemen,  with  regard  to  Discussion  od 
this  report?  If  there  be  no  objection,  it  will  be  received  and  filed,  and  (Sm^Snttee. 
the  question  of  its  adoption  wiJl  be  left  open.     Is  there  any  motion? 

A  Mehbeb. — Will  it  be  necessary  to  amend  the  Constitution  as  pro- 
posed? 

The  Pbesident. — The  reception  of  the  report  simply  files  it.  If  it 
is  a  question  of  the  matter  of  the  report,  it  should  come  up  on  a  dis- 
tinct motion,  either  to  adopt  the  amendments  of  the  Committee  or  to 
adopt  other  amendments. 

A  Member. — I  move  that  the  report  be  received  and  filed. 

The  motion  was  duly  seconded. 

A  Mehbeb. — I  would  like  to  ask  whether  there  is  any  motion  neces- 
sary to  secure  the  adoption  of  the  amendments? 

The  Pbesident. — I  suppose  amendments  to  the  Constitution  would 
have  to  pass  the  regular  routine. 

The  Becbetaby. — The  Constitution  provides  that  an  amendment 
proposed  by  a  certain  number  of  members,  I  think  five,  shall  be  pre- 
sented to  the  next  general  meeting  of  the  Society  for  discussion.  If 
that  general  meeting  does  not  amend  the  proposed  amendment,  it  must 
be  voted  upon  by  the  Society  at  large.  As  I  understand  it,  this  is  a 
report  to  the  Society  by  a  Committee,  but,  as  individual  members  of 
the  Society,  no  amendment  has  been  proposed.  It  would  therefore 
be  necessary,  in  order  to  comply  with  the  Constitution,  that  the  mem- 
bers of  the  Committee,  or  some  other  members  of  the  Society,  should 
present  the  matter  of  this  proposed  amendment  to  the  Constitution  in 
the  regular  form,  although  the  Committee  could  do  that  as  well  as 
anybody  else. 

The  Pbesident. — ^I  think  the  interpretation  of  the  Constitution  by 
the  Secretary  is  correct.     Are  there  any  remarks  upon  this  motion, 
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which  is  to  receive  and  file  this  report?  If  not,  those  who  are  in  favor 
of  receiving  and  filing  this  report  will  signify  by  saying  **  aye." 

The  vote  being  taken,  the  President  announced  the  motion  carried. 

Wii^iiiAM  P.  Cbaiohtll,  Past-President,  Am.  8oc.  C.  E. — If  it  be  in 
order,  I  wonld  like,  at  this  stage  of  the  proceedings,  to  offer  a  resolu- 
tion looking  to  the  amendment  of  the  Constitution,  following  to  some 
extent  the  line  of  the  report  of  this  Committee.  If  the  Secretary  will 
be  kind  enough  to  read  it,  and  if  it  be  in  order,  I  will  offer  that  reso- 
lution. 

The  Secretary  then  read  the  resolution,  as  follows: 

'*  Resolved,  That  the  Board  of  Direction  be  requested  to  frame  an 
amendment  to  the  Constitution  which  shall  do  away  with  the  secret 
letter-ballot  now  used  in  the  election  of  corporate  members,  and  sub- 
stitute therefor  an  open  or  signed  ballot. " 

The  motion  was  seconded  bv  A.  P.  Boiler,  M.  Am.  Soc.  C.  £. 

Mr.  CsAiaHHiL. — I  do  not  wish  to  detain  the  Society  at  this  moment 
in  a  discussion  of  the  resolution  which  is  before  the  Society,  but  I 
want,  however,  to  say  this:  Of  course,  I  wouldn't  have  offered  the 
resolution  if  I  didn't  approve  it,  and  my  approval  is  based  upon  ex- 
perience, which  is  an  excellent  teacher,  and  that  experience  is  one  1  had 
as  a  member  of  the  Board  of  Direction  for  eight  years.  Of  course  I 
would  be  very  glad  to  hear  the  resolution  discussed,  and  after  that 
would  have  something  to  say  on  the  subject. 

The  Pbesident. — The  Chair  would  call  attention  to  the  first  section 

of  the  article  on  amendments,  which  says: 

''Proposed  amendments  to  this  Constitution  must  be  reduced  to 
writing  and  signed  by  not  less  than  five  Corporate  Members,  and  be 
submitted  and  acted  upon  as  follows." 

Now,  the  point  is  whether  the  Board  of  Direction  can  submit  an 
amendment  except  as  individuals,  and  it  seems  to  me  that  is  the  cor- 
rect interpretation  of  the  Constitution,  that  they  cannot,  in  their 
official  capacity,  submit  amendments  ;  but  that  must  be  done  by  indi- 
viduals, as  indicated  in  this  article. 

The  Segbetaby. — I  call  attention  to  the  fact  that  this  resolution 
requests  tl^e  Board  of  Direction  to  frame  an  amendment  only,  and 
necessarily  it  would  have  to  come  before  the  Society  at  anbther  meet- 
ing. I  don't  know  whether  that  would  make  any  difference  in  your 
ruling  or  not. 

Mb.  CBAioHiiiii. — If  you  rule  that  the  resolution  is  not  in  proper 
shape,  I  will  withdraw  it  and  put  it  in  proper  shape. 

The  Pbesident. — As  the  Chair  understands  the  resolution,  it 
means  that  the  Board  should  present  the  amendments.  If  it  is  only 
to  frame  them,  I  presume  there  is  no  objection  to  it. 

Mb.  CBAioHiiiL. — The  reason  the  resolution  is  drawn  in  this  shape  is 
this:  It  is  a  subject  that  comes  before  the  Board  of  Direction,  and  they 
are  very  familiar  with  the  subject,  more  so  than  any  other  members  of  the 
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Society,  and  it  soemed  to  me  not  improper  that  they  should  be  called 
upon  to  put  the  amendment  in  proper  shape  for  Babmission  to  the 
Society.  The  members  of  the  Board  of  Direction  are  members  of  the 
Society,  and,  as  I  understand,  the  Constitution  permits  any  members 
of  the  Society,  whether  they  belong  to  the  Board  of  Direction  or 
otherwise,  to  submit  amendments  that  may  be  incorporated  in  the 
Constitution  in  the  proper  way,  so  that  the  Constitution  does  not  seem 
to  me  to  disqualify  the  Board  of  Direction  as  members  of  the  Society 
from  taking  any  action  that  any  other  members  of  the  Society  might 
take. 

J.  James  B.  Cboes,  Past-President,  Am.  Soc.  C.  E. — It  seems  to  me  it 
would  give  us  a  precedent  in  the  presentation  of  such  an  amendment 
which  would  be  misunderstood  by  a  great  many  members.  It  would 
be  equivalent  to  a  recommendation  by  the  Board  of  Direction  that  the 
Constitution  be  amended  as  proposed. 

It  appears  like  an  effort  to  give  an  official  sanction  to  the  ideas  of  a 
few  members  preliminary  to  their  being  presented  to  the  whole  Society, 
which  is  not  in  accordance  with  the  spirit  of  the  Society  or  of  the 
Constitution.  If  the  gentlemen  who  desire  this  amendment  will 
present  it  in  proper  shape,  the  matter  can  be  brought  before  the 
Society  as  the  action  of  individuals  desiring  the  amendment,  and  not  as 
the  official  action  of  the  Board  of  Direction  asking  for  an  amendment  to 
the  Constitution,  which  they  may  or  may  not  approve  of.  This  would 
require  them  to  present  an  amendment  of  which  they  might  not 
approve,  but  they  have  got  to  present  that  amendment  under  that  reso- 
lution. It  isn^t  their  business  to  do  it,  and  it  isn't  proper  it  should  be 
done  that  way. 

H.  B.  Seaman,  M.  Am.  Soc.  C.  E. — I  was  simply  going  to  make 
some  remarks  in  the  general  direction  to  which  Mr.  Croes*  remarks 
tend,  that  this  motion  instructs  the  Board;  it  does  not  leave  them  any 
discretion  as  to  the  purpose  of  the  motion  to  have  signed  ballots.  I 
have  not  thought  as  much  of  it  as  some  others  and  the  gentleman  him- 
self, but  it  does  not  strike  me  favorably,  for  this  reason,  that  the  Board 
finds  to-day  the  greatest  difficulty  in  obtaining  evidence  against  appli- 
cants although  correspondence  is  supposed  to  be  in  every  case  confi- 
dential. People  will  not  sign  letters  and  send  them  in,  even  confi- 
dentially, to  the  Board.  If  such  is  the  case,  I  think  it  will  be  much 
more  difficult  to  persuade  members  to  sign  against  applicants  in  an 
open  ballot,  and  in  that  way  we  throw  open  the  doors  and  will  prob- 
ably let  in  a  great  many  objectionable  candidates.  It  has  been  pro- 
posed that  the  election  shall  be  placed  entirely  in  the  hands  of  the 
Board.  Nobody  knows  the  difficulty  of  such  a  proposition  better  than 
the  members  who  have  acted  on  the  Board.  It  is  a  very  difficult  prop- 
osition, the  proper  election  of  our  membership  to-day,  and  the  present 
agitation  arises  from  the  fact  that  almost  anyone  can  get  in  through 
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DiwoflBioii  on  the  pink  ballot.     I  think  it  would  be  much  easier  for  them  to  get  in 

Amendinait    through  the  proposed  amendment.     There  is  another  objection  to  the 

<ooatlniied>.   present  system,  which  is  that  there  is  a  great  deal  of  blackballing;  one 

member  will  blackball  a  whole  list.     I  think  the  objections  to  the 

present  sjstem,  although  they  are  serious  objections,  are  less  than 

those  to  the  system  proposed. 

Mb.  Craiohili.. — Would  it  be  proper  for  me  to  offer  a  resolution 
requesting  the  President  of  the  Society  to  appoint  a  Committee  of 
members  present  to  put  this  thing  in  proper  shape?  I  want  to  see  it 
go  through,  and  I  want  to  get  it  before  the  Society  in  a  proper  way. 
Would  it  be  proper  for  me  to  move  for  the  President  to  appoint  a 
Committee  of  the  members  present,  or  any  others  he  may  think 
proper? 

Thb  Pbbsident. — I  see  no  legal  objection  to  that,  although  it  is  a 
question  whether  he  could  do  it  better  than  the  members  who  would 
offer  such  an  action;  but  that  wouldn't  go  to  the  legality  of  it. 

Mb.  Cboes That  would  be  open  to  the  same  objection  which  is 

made  to  this  present  amendment  to  the  Constitution,  which  is  pre- 
sented by  the  Committee  under  the  instruction  of  the  Annnal  Meeting. 
It  has  been  ruled  that  that  report  of  the  Committee  reporting  an 
amendment  is  not 

Mb.  (^raighiij^. — May  I  interrupt  for  one  moment? 

The  PBESiDEsrr. — ^With  Mr.  Croes'  permission. 

Mb.  CBAioHiiiii. — ^I  withdraw  the  resolution. 

Mb.  Cboes — I  have  nothing  more  to  say  then  regarding  that  reso- 
lution, bnt  I  would  like  to  call  attention  to  the  fact,  if  it  is  not  too  late 
to  reverse  the  ruling  of  the  Chair  on  that  matter,  that  this  Committee 
was  appointed  to  make  a  report  on  the  method  of  classifying  appli- 
cants for  membership,  and  they  have  made  that  report,  and  the  ruling 
is  made  that  it  is  not  the  offering  of  an  amendment. 

The  Pbbbidest.  — I  think  that  is  correct.  That  amendment  may  be 
offered  by  five  individuals. 

Mb.  Pboct. — ^When  a  Committee  is  appointed  to  re}vort  an  amend- 
ment, isn't  the  presentation  of  that  report  the  offering  of  the  amend- 
ment by  the  individuals  composing  that  Committee? 

The  Pbesident. — If  thev  so  offer  it  as  individuals. 

Mb.  Pbout. — Mr.  President,  the  second  resolution  reads  that  a 
Committee  be  appointed  to  report  an  amendment  to  the  Constitution. 
Now,  our  Committee  considers  that  we  have  complied  with  our  in> 
struct  ions  to  report  an  amendment  to  the  Constitution.  Whether  we 
must  now  resolve  ourselves  into  seven  individuals  and  put  in  the 
amendment  in  another  form  is  rather  a  nice  question. 

Mb.  Cboes. — Does  an  amendment  to  the  Constitution  have  to  be 
offered  at  a  regular  meeting? 

The  Pbesident.  — No,  sir. 
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Mb.  Oboes. — Can  the  Committee  or  anybody  else  pnt  their  names 
to  that  and  offer  it? 

The  Pbebident. — The  article  on  amendments,  Sections  1  and  2, 
reads: 

*' Proposed  amendments  to  this  Constitution  must  be  reduced  to 
writing  and  signed  by  not  less  than  five  Corporate  Members,  and  be 
submitted  and  acted  upon  as  follows: 

*' Amendments  presented  to  the  Secretary  on  or  before  the  first 
Wednesday  in  November  shall  be  sent  by  letter  to  the  several  Cor- 
porate Members  of  the  Society  at  least  twenty-five  days  previous  to 
the  Annual  Meeting.  Such  amendments  shall  be  in  order  for  dis- 
cussion at  such  Annual  Meeting,  and  mav  be  amended  in  any  manner 
pertinent  to  the  original  amendments  by  a  majority  vote  of  the 
Annual  Meeting,  and  if  so  amended,  shall  be  voted  upon  by  letter- 
ballot  in  form  as  amended  by  the  Annual  Meeting;  if  not  so  amended, 
they  shall  be  voted  upon  by  letter-ballot  as  submitted.     *    *    *  *' 

I  will  not  read  the  rest  of  it,  but  it  seems  to  me  this  is  exclusive 
of  any  other  method  of  submitting  amendments. 

Mb.  Pbout. — Mr.  President,  the  fourth  section  of  this  article  says 
that  if  after  discussion  of  a  proposed  amendment,  at  either  of  the 
general  meetings  of  the  Society,  the  meeting  shall  so  decide  by  a 
majority  vote,  it  may  refer  the  amendment  to  a  committee  for  further 
consideration,  which  committee  shall  report  at  the  next  general 
meeting. 

Now  it  seems  to  me  that  that  is  precisely  the  procedure  that  has 
been  taken,  up  to  this  stage.  This  was  discussed  at  the  last  meeting. 
That  meeting  decided  by  a  majority  vote  to  refer  it  to  a  committee.  It 
was  referred  to  the  Committee.  Now,  *'  which  committee  shall  report 
at  the  next  general  meeting,"  which  we  have  done  this  morning. 
''Whereupon  the  amendment  shall  be  voted  upon  as  hereinbefore 
provided. "  Now,  we  have  got  to  that  stage,  it  seems  to  me,  to  the 
stage  hereinbefore  provided,  whatever  that  may  be. 

A  Member. — I  would  like  to  ask  the  speaker  when  it  was  that  the 
amendment  took  the  first  step. 

Mb.  Pbout. — Last  January,  at  the  Annual  Meeting. 

A  Membeb. — I  was  present  at  the  meeting,  but  do  not  recollect  it. 

Mb.  Pbout. — Well,  whenever  the  discussion  came  up. 

A  Membeb. — Mr.  Secretary,  when  was  the  amendment  now  pre- 
sented as  a  report  passed  through  its  first  stage  and  presented  to  the 
Society? 

The  Secbbtaby. — It  has  never  gone  through  any  stage. 

Henby  S.  Haines,  M.  Am.  Soc.  C.  £. — Mr.  President,  pardon 
me  for  intruding  into  this  discussion,  but  I  would  like  to  ask  the 
President  what  the  question  is. 

The  Pbesident. — The  question,  as  I  understand  it,  is  whether  the 
recommendations  of  this  Committee  constitute  a  proposed  amendment 
within  the  meaning  of  the  Constitution. 
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^ftSroaBd**'       Mr,  Haines. — I  thougbt  the  report  of  the  Committee  had  been 
Amendment   disposed  of,  and  another  matter  was  brought  np,  and  that  resolution 
nue  ).   ^^^  -withdrawn.     It  is  an  entirely  different  matter. 

The  Pbesident. — The  report  was  received  and  filed,  but  that  left 
open  any  further  action  upon  the  same  subject,  and  Mr.  Prout  raises 
the  question  as  to  whether  this  is  a  proposed  amendment,  if  proposed 
in  the  form  already  indicated  by  the  Constitution. 

The  Secbetaby. — Mr.  President,  there  was  an  amendment  to  the 
Constitution  proposed  in  due  form  last  fall,  and  it  came  before  the 
Annual  Meeting,  in  January,  and  the  action  of  that  meeting — ^rather, 
not  the  action  of  that  meeting,  but  the  action  under  the  Constitution, 
required  that  the  amendment  should  go  to  ballot  unless  amended  by 
the  Annual  Meeting.  The  Annual  Meeting  did  not  amend  that 
amendment,  and  it  went  to  ballot  and  was  defeated.  At  that  meeting 
this  matter  came  up  anew,  and  a  Committee  was  formed  and  instructed 
to  report  on  this  matter.  It  was  not  an  amendment  which  had  been 
duly  presented  to  the  Society. 

The  Pbesident. — In  view  of  that  state  of  facts  the  Chair  thinks 
that  this  needs  to  be  proposed  as  an  original  measure. 

J.  M.  Enap,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  would  suggest 
that  Col.  Prout,  the  Chairman  of  that  Committee,  secure  four  other 
good  men  to  sign  a  well-worded  amendment,  and  have  it  presented 
to  this  meeting.  It  seems  to  me  that  would  simplify  the  matter,  and 
then  it  can  be  put  out  as  a  proposed  amendment.  It  has  nothing  to 
do  with  the  reception  of  his  report. 

The  President. — Of  course  not.  The  report  is  received;  and  of 
course  that  amendment  need  not  be  made  to  this  meeting.  It  can- 
not be  acted  upon  as  an  amendment  to  the  Constitution  at  this 
meeting,  although  discussion  of  the  general  subject  is  open. 

Mb.  Cboes. — It  does  seem  that  whether  further  consideration 
involves  an  amendment  or  not,  the  matter  is  referred  to  the  Committee 
for  further  consideration,  on  which  the  Committee  shall  report  at  the 
next  general  meeting,  whereupon  the  amendment  shall  be  voted  upon 
as  hereinbefore  provided. 

The  President. — The  question  of  fact,  stated  by  the  Secretary, 
without  contradiction,  as  far  as  I  know,  is  that  an  amendment  on  this 
general  subject  has  been  submitted  to  ballot  and  defeated,  that  an- 
other amendment  upon  the  same  general  subject  is  proposed  as  sug- 
gested by  this  Committee,  and  that  it  does  not  become  a  proposed 
amendment  within  the  meaning  of  the  Constitution  unless  signed  by 
five  members  and  submitted  in  that  form. 

A  MEifBEB. — I  move  that  this  Committee  be  continued,  to  present 
the  proposed  amendment  to  the  Constitution  in  due  legal  form  to  the 
Society. 

The  motion  was  duly  seconded. 
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A  Meicbeb. — ^Is  that  motion  constitntional? 

The  Pbesident. — The  Chair  sees  no  reason  to  rule  otherwise. 

Clemens  Hebscheii,  M.  Am.  Soc.  C.  E. — ^I  should  judge,  from  beiog 
an  attentive  listener,  that  that  motion  is  unconstitutional.  It  is  not  the 
way  to  present  the  proposition.  My  sympathies  are  with  the  speaker 
who  suggested  to  the  Chair  that  there  is  no  question  before  the 
meeting.  Now,  there  is  or  is  not  a  question  before  the  meeting.  If 
there  is,  I  should  like  to  have  it  put;  if  not,  I  should  like  to  pass  to 
something  new.  « 

The  Pbesident. — The  motion  last  made,  I  think,  is  a  proper  one. 
I  think  this  Committee  can  take  steps  to  have  it  prox)erly  presented 
to  the  Society,  and  that  motion  is  now  before  the  house. 

A  Membeb. — If  it  is  in  order  to  make  a  remark  on  that  question, 
I  think  it  is  an  unnecessary  step.  The  Constitution  has  provided 
the  means  by  which  any  set  of  five  members  can  bring  their  wishes 
before  the  Society  and  have  them  acted  upon  by  the  whole  Society.  It 
does  not  seem  competent  for  a  convention  meeting  to  take  the  initiative 
and  instruct  the  Committee  to  do  something.  The  meeting  is  not  prop- 
erly a  body  which  can  present  the  amendments.  I  think  it  is  a  waste 
of  time  to  do  this.  It  has  got  to  be  done  and  signed  by  five  individuals, 
and  it  does  not  require  this  action. 

Mb.  Hbbbebt  M.  WiijSon.  — Mr.  President,  is  there  a  motion  before 
the  house? 

The  Fbesident. — There  is  a  motion  before  the  house,  which  the 
stenographer  wiU  read. 

Mb.  Wilson. — I  should  like  to  offer  an  amendment  to  it.  I  should 
like  to  amend  that  motion  to  read  that  this  Society  accept  the  amend- 
ment to  the  Constitution  presented  in  writing  and  signed  by  this 
Committee  as  a  formal  amendment  to  the  Constitution  to  go  through 
its  usual  course. 

Mb.  Hebschel. — I  hope  that  the  amendment  and  the  motion  to 
which  it  applies,  both,  will  not  prevail.  It  is  the  same  thing  Mr.  Croes 
has  spoken  about,  only  in  another  form.  It  is  giving  an  official  sanction, 
and  the  sanction  of  the  Society,  as  it  were,  to  a  petition  that  is  going 
to  be  signed  by  five  members.  Now,  why  can't  these  five  members  act 
without  this  spur  from  the  meeting?  The  Constitution  says  it  must 
be  done  in  t&at  way,  and,  if  it  must  be  done  in  that  way,  it  should  not 
and  probably  cannot  be  done  in  any  other  way. 

It  was  duly  moved,  seconded  and  carried  that  the  matter  be  laid 
upon  the  table. 

The  Fbesident. — The  report  of  the  time  and  place  for  holding  the     Report  on 
next  Convention  is  the  next  order  of  business.  Time  and  Place 

The  Segbetaby.— Mr.  President,  in  answer  to  the  usual  circular    Convention, 
whioh  has  been  sent  out,  the  members  of  the  Society  have  replied  as 
follows: 
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Report  on 

Time  a&d  Place 

for  next 

CoDTention 

(continued). 


*'  New  Yobk,  May  19th,  1902. 

<'  To  THE  AMEBI0A17   SOOIETY  OF  OlYIL  EnOINEEBS: 

'*  I  beg  to  report  the  result  of  the  ballot  on  Time  and  Place  for 
Holding  the  Annual  Convention  of  1903;  as  follows  : 

♦•  Total  number  of  votes  received  for  Place  (to  May  19th,  1902),  306. 
**  Distributed  as  follows: 


St.  Louis,  Mo 68 

Cleveland,  Ohio 35 

Pittsburg,  Pa 28 

City  of  Mexico 26 

Chicago,  ni 23 

Boston,  Mass 19 

New  Orleans,  La 14 

New  York  City 9 

Denver,  Colo 6 

Some  point  on  the  Great  Lakes 3 

**  The  following  places  received  2  votes  each: 

Atlantic  City,  N.  J.  Saratoga,  N.  Y. 

Montreal,  Canada.  Cincinnati,  Ohio. 

Minneapolis,  Minn.  Niagara  Falls,  N.  Y. 

Atlanta,  Ga. 

**  The  following  places  received  1  vote  each: 


Havana,  Cuba 5 

Birmingham,  Ala 5 

Asheville,  N.  C 4 

Mackinaw  Island 4 

Seattle,  Wash 3 

Philadelphia,  Pa 3 

Old  Point  Comfort,  Va 3 

Sault  Ste.  Marie,  Mich 3 

San  Francisco,  Cal 3 


Albany,  N.  Y. 

Lake  Champlain,  N.  Y. 

Lake  wood,  N.  J. 

Bar  Harbor,  Me. 

Nantasket  Beach,  Mass. 

Kansas  City,  Mo. 

Alexandria  Bay,  N.  Y. 

Richmond,  Va. 

Yellowstone  National  Park,  Wyo. 

Tampa,  Fla. 

Norfolk,  Va. 

Sydney,  Cape  Breton,  Nova  Scotia. 

Duluth,  Minn. 

Hancock,  Mich. 


Dallas,  Tex. 
Coney  Island,  N.  Y. 
Milwaukee,  Wis. 
Quebec,  Canada. 
White  Sulphur  Springs,  Va. 
Halifax,  Nova  Scotia. 
Lake  George,  N.  Y. 
Buffalo,  N.  Y. 
Eureka  Springs,  Ark. 
Charleston,  S.  C. 
San  Juan,  Porto  Bico. 
Thousand  Islands,  N.  Y. 
Katerskill,  N.  Y. 
Some  Canadian  point. 


•*  Total  number  of  ballots  received  on  Time  for  next  Convention,  270 

No.  of 
votes, 

4 


Februarv 

March  /. 6 

April 11 

Mav 87 

June 107 

July 16 

August 7 

September 10 

October 5 


November 

December , . . 

Autumn 

Midsummer 

Summer 

Winter 

Earlv  Spring 

Late' Fall 

During  Exposition  at  St.  Louis 


No.  of 
votes. 

2 
2 


**  Since  the  foregoing  list  was  compiled,  more  than  300  postal  cards 
in  favor  of  Cleveland,  Ohio,  have  been  received. 

*'  Respectfully  submitted. 

Chas.  Wakrkk  HrxT, 

iSecrefcrry." 


(C 
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Mr.  President,  this  report  was  written  before  leaving  New  York. 
On  the  arriyal  of  the  special  train  at  Washington,  the  Secretary  re- 
ceived a  stack  of  postal  cards,  all  of  which  were  votes  for  holding  the 
convention  in  Cleveland.  Some  of  them  were  reconsiderations  of 
votes  already  received  and  referred  to  in  this  report.  It  has  been  im- 
possible to  classify  those  so  as  to  give  an  accurate  statement  of  the 
ballots  as  received,  but  there  have  been  more  than  300  votes,  received 
since  the  Society  has  been  in  convention  in  Washington,  in  favor  of 
holding  the  next  convention  in  Cleveland.     (Applause.) 

A  MoBDECAT,  M.  Am.  Soc.  C.  E. — ^I  think  the  Secretary  has  some        Letters 

invitations  from  Cleveland  as  to  the  convention  which  I  should  like  -u^^^'^iS^ 

Time  and  Place 

to  have  read.  for  next 

Thb  Seobbtabt. — Also  from  other  places. 

Mb.  Mobdbcai. — Only  from  Cleveland.  I  don't  care  anything 
about  the  other  places. 

The  Pbbsident. — The  Secretary  will  read  them. 

The  Secretary  read  the  following  letters  from  Cleveland : 

"  Cleveland,  Ohio,  May  15th,  1902. 

*•  The  American  Society  of  Civil  Engineers, 

•«  Willard  Hotel, 

*'  Washington,  D.  C. 

"  Gentleken, — Ab  Mayor  of  the  City  of  Cleveland,  1  cordially  in- 
vite your  Association  to  hold  its  next  convention  in  Cleveland.  1  am 
sure  Cleveland  will  be  proud  of  the  honor  and  will  put  forth  every 
effort  to  make  your  visit  a  pleasant  one. 


Ck>nyentloii. 


**  Yours  very  truly. 


"  Mr.  Chables  Wabben  Hunt, 
**  Secretary, 

"Washington,  D.  C." 


'*  ToH  L.  Johnson, 

'*  Mayor." 


"Cleveland,  Ohio,  May  19th,  1902. 

"Mr.  Chables  Wabben  Hunt, 

*•  Secretary,  American  Society  of  Civil  Engineers, 

"  Washington,  D.  C. 

"  Dbab  Sib, — On  behalf  of  the  business  men  of  Cleveland,  the  Board 
of  Directors  of  the  Cleveland  Chamber  of  Commerce  extends  to  your 
Society  a  very  cordial  invitation  to  hold  its  summer  meeting  of  1903 
in  Cleveland.  The  directors  are  confident  that  your  delegates  would 
thoroughly  enjoy  the  time  spent  in  Cleveland,  and  it  is  sincerely  hoped 
that  the  city  mav  be  honored  by  an  acceptance  of  this  invitation. 

"  By  order  of  the  Board  of  Directors  of  the  Cleveland  Chamber  of 
Commerce. 

"F.  A.  Scott, 

"  Secretary.** 

"Cleveland,  Omo,  19th  May,  1902. 

"  Mr.  Chables  Wabben  Hunt,  Secretary, 
"  and  Members  of  the  Am,  Soc.  C.  E 

"Gentlemen, — It  is  with  great  pleasure  that  we  hand  you  here- 
with the  invitation  of  the  Cleveland  Chamber  of  Commerce  for  your 
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Letters    summer  meeting  of  1903.     We  trast  that  Cleveland's  invitation  will 
^^ex^*^  be  favorably  considered  and  that  we  shall  again  have  the  pleasure  of 
Convention  receiving  in  the  Forest  City  the  delegates  of  yonr  noted  Society,  which 
(continued),  has  not  so  favored  ns  in  twenty-three  years. 

**  Wishing  yon  every  snccess,  we  remain,  respectfully, 

**  XHB  EXBCUTIVB  GOUMITTEE  OP  THE  CONVENTION  BOABD, 

<'  By  Abraham  Steabn, 
^  **  Vice-President." 

J,  A.  OcKEBSON,  M.  Am.  Soc.  C.  E. — I  have  presumed  that  the  votes 
cast  for  St.  Louis  were  largely  on  the  supposition  that  the  Exposition 
would  be  held  there  in  1903.  Matters  pending  in  Congress  now  look 
to  a  postponement  until  1904,  and  at  that  time  we  hope  to  see  the 
Society  in  St.  Louis. 

The  Segbetaby. — I  also  have  some  letters  from  another  point.  Shall 
I  read  them? 

The  Pbesldent. — Yes. 

The  Secretary  then  read  the  following  letters  from  Birmingham, 
Ala.: 

*'  BiBMiNaHAM,  AiiA.,  Juuc  19th,  1902. 
**  Mr.  C.  W.  Hunt,  Sec'p, 

**  American  Society  of  Civil  Engineers, 

'  *  Willard  House,  Washington,  D.  C. 

"  Deab  Sir, — The  Mayor  and  Aldermen  and  the  Commercial  Club 
of  this  city  have  passed  resolutions  asking  that  the  members  of  your 
organization  use  their  influence  to  have  your  next  annual  meeting  in 
1903  held  in  Birmingham. 

*'  Owing  to  the  great  developments  that  have  been  made  during  the 
past  few  years  in  industrial  and  engineering  matters  and  the  remark- 
able geological  formation  of  this  section,  we  think  that  we  have  many 
matters  that  would  interest  you. 

''In  extending  this  invitation  to  your  association,  I  feel  assured  in 
saying  that  the  hotel  accommodations  will  be  ample,  and  that  large 
hsJls  amply  sufficient  in  which  to  hold  your  meetings  will  be  fur- 
nished. 

**  As  chief  executive  of  this  city,  I  have  appointed  Col.  J.  A.  Mont- 
gomery of  this  city  and  other  representatives  from  this  district  to  use 
their  utmost  efforts  to  secure  jour  next  convention  in  1903. 

**  Should  vou  accept  this  invitation  to  come  here,  I  most  heartily 
assure  you  that  a  cordial  welcome  will  be  given  and  old  fashioned 
Southern  hospitality  extended  to  you. 

**  Yours  truly, 

'*W.  M.  Drennen, 

*'  Mayor." 

**  BntMiNOHAM,  Ala.,  May  17th,  1902. 

**  Secretary  of  American  Society  of  Civil  Engineers, 

**  Washington,  D.  C. 

"  Dear  Sir, — The  Commercial  Club  of  Birmingham,  Ala.,  at  a  meet- 
ing held  yesterday,  passed  a  resolution  most  cordially  inviting  the 
American  Society  of  Civil  Engineers  to  hold  its  Convention  for  the 
year  1903  in  the  City  of  Birmingham. 


Affairs.]       REPORT  IK  FULL  OF  THS  BUSINESS  MEETINQ.  211 

''Our  city  and  district  have  made  such  wonderfnl  progress  in  the 
last  decade  that  we  feel  sure  that  there  are  many  things  here  which 
will  interest  the  members  of  yonr  body,  and  we  would  do  everything 
in  onr  power  to  make  yonr  stay  here  pleasant  and  agreeable. 

"  Very  respectfully  yours, 

'*  J.  B.  Gibson, 

•*  Secretary. ^^ 

*'  BiBHiNaHAH,  AuL.,  May  19th,  1902. 
*'  Mr.  Charles  Wabben  Hunt, 

**  Sec'y,  A.  S.  of  C.  K, 

"Washington,  D.  C. 

<<  Deab  Sib, — At  a  meeting  of  the  B'gham  Section  of  the  Engr.  Ass'n 
of  the  South,  the  Secty.  was  directed  to  extend  a  cordial  invitation  to 
the  American  S'y  of  Civil  Engrs.  to  hold  their  1903  annual  meeting  in 
Birmingham,  Ala.,  and  assure  you  that  a  hospitable  greeting  will  be 
tendered  and  every  assistance  given  by  the  members  of  this  Ass'n  to 
make  your  visit  an  interesting  one. 

"Col.  J.  A.  Montgomery  was  appointed  to  urge  the  acceptance  of 
this  invitation,  he  being  a  member  I  believe  of  the  American  S*y. 

'*  Yours  very  truly, 

"  Geo.  H.  Habbis, 

The  Pbesident. — Gentlemen,  the  subject  is  open  for  your  action.      Discussion  on 

Benjamin  M.  Habbod,  Past -President,  Am.  Soc.  C.  E.— I  move  that  Tixne  and  Place 

.         .  for  next 

the  whole  subject  be  referred  to  the  Board  of  Direction.  Convention. 

The  motion  was  duly  seconded. 

The  Pbesident. — Are  there  any  remarks? 

Jacob  L.  Ludlow,  M.  Am.  Soc.  C.  E. — It  appears  to  me  that  our 
Board  of  Direction  is  veiy  much  overworked.  They  do  a  great  deal 
of  work  for  the  Society,  and  this  is  something  which  the  Society 
can  decide  for  itself  here  at  this  meeting  and  not  refer  to  the 
Board  of  Direction.  We  have  invitations,  both  very  cordial  ones, 
from  Cleveland  and  Birmingham.  We  cannot  accept  either  one  of 
those,  for  if  we  accept  one  the  other  will  certainly  feel  hurt.  It 
is  very  much  like  making  a  choice  between  two  maidens,  and 
taking  one  when  you  want  them  both.  You  can't  have  both. 
I  propose  to  suggest  a  place  which  will  relieve  the  necessity 
of  a  choice  between  those  two,  one  which  has  not  sent  a  formal  invita- 
tion, because  they  were  a  little  modest  and  hardly  would  expect  to  be 
honored  by  a  visit  of  this  Society  to  the  locality  which  I  shall  mention. 
We  were  told  yesterday  by  the  gentlemen  who  graciously  welcomed  the 
Society  that  the  engineers  of  America  had  accomplished  about  every- 
thing there  was,  real  and  tangible,  in  engineering  science  and  skill. 
They  did  not  tell  us,  however,  of  all  the  beautiful  things  which  the 
engineer  requires  to  mix  up  with  his  real  work.  There  is  a  point  in 
North  Carolina  which  will  inspire  the  gentlemen,  members  of  this 
Society,  with  the  broadest  idea  of  the  beautiful,  the  truly  lovable,  and 
would  we  adopt  the  aesthetic  beauties  of  our  profession  we  must  study 
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Discussion  on  the  beautiful,  and  the  one  place  east  of  the  Bocky  Mountains 
for  next  vhich  the  United  States  Government  has  been  able  to  find  which  in 
(contUmed)  ^^^  degree  would  rival  the  Yellovratone  Park  is  in  North  Carolina. 
There  all  the  beauties  of  Nature  are  to  be  seen  from  the  porticos  of  the 
Battery  Park  Hotel.  That  hotel  is  just  of  sufficient  size  to  accommo- 
date the  entire  party  that  would  attend  the  convention  of  the  Society. 
The  proprietor  at  some  time  in  June  will,  I  am  sure — in  fact,  he  has 
told  me  he  would — ^turn  over  the  entire  hotel  to  this  organization,  so  we 
can  all  be  there  together,  ourselves,  our  wives  and  our  sweethearts, 
boys  and  girls  all  together,  where  we  can  have  a  delightful  time.  Large 
halls  to  hold  the  business  sessions,  large  dance  halls,  refreshments, 
and  so  forth.  They  would  give  us  all  the  entertainment  we  want.  We 
don't  want  to  accept  too  much  hospitality.  As  engineers,  we  are  used 
to  being  pulled  around,  and  we  don't  care  to  be  pulled  to  St.  Louis 
and  thence  from  place  to  place.  It  is  like  a  full  man,  he  does  not  want 
too  much  meat,  he  wants  something  to  drink.  In  Asheville,  we  can 
have  the  drink.  There  are  mountains  all  around.  There  is  the  most 
magnificent  piece  of  railroad  building  east  of  the  Bocky  Mountains, 
which  you  would  enjoy  in  passing,  and  when  you  reach  Asheville — I 
can't  describe  the  beauties  of  it.  But  I  arose  to  propose  that  this  com- 
mittee to-day  be  relieved  of  this  work,  and  that  just  now  this  meeting 
select  Asheville  for  the  Convention  in  the  month  of  June.  I  move,  to 
amend  the  motion,  that  Asheville  be  selected  as  the  place  of  meeting* 
in  the  month  of  June,  1903.     (Applause. ) 

The  motion  was  duly  seconded. 

A  Mbmbek. — I  would  like  to  second  that  motion,  particularly  as  in 
wandering  around  through  the  members  who  are  here  now  you  find 
so  many  who  are  speaking  of  Capo  May.  Cape  May  didn't  have 
any  engineering  features  to  show  us,  but  we  were  all  in  one  hotel 
together,  and  there  were  friendships  formed  there;  and  Asheville 
is  a  place  finely  located,  a  beautiful  place,  and  Mr.  Ludlow  says  it  is  a 
delightful  place,  and  the  hotel  entirely  capable  of  accommodating  the 
Society. 

A  rising  vote  being  taken  on  the  amendment,  the  Secretary  an- 
nounced the  vote  as  59  for  and  32  against. 

The  President. — The  amendment  is  carried.     (Applause. ) 

The  President. — The  action  now  comes  upon  the  motion  as 
amended. 

A  Mebibeb. — What  is  that  motion? 

The  President. — This  is  an  amendment.  The  original  motion 
becomes  now  that  this  Society  shall  hold  its  next  Convention  at  Ashe- 
ville.    That  is  now  open  for  discussion. 

Mr.  Seaman. — Mr.  President,  I  would  like  to  say  I  am  with  the 
majority  in  favor  of  going  to  Asheville,  but  I  hesitate  very  much  about 
making  a  precedent  of  this  kind  by  which  a  gifted  orator  can  stampede 
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the  Convention.     (Applause.)      We  know  what  that  is   in  National 
politics. 

Mb.  LudiiOW. — I  object  to  any  comparison  with  Mr.  Bryan. 

Mb.  Seaman. — I  believe  those  remarks  were  taken  down,  and  I  know 
that  they  will  be  considered  by  the  Board.  I  have  every  faith  in  the 
conservative  action  of  the  Board.  I  am  strongly  in  favor  of  Asheville, 
bat  I  hope  we  will  not  carry  this  motion  at  the  present  time. 

Mb.  Oboes. — I  move  that  the  matter  be  referred  to  the  Board  of 
Direction,  with  the  statement  it  is  the  sense  of  this  meeting  that  the 
Convention  be  held  at  Asheville. 

The  Pbesident. — Do  you  move  that  as  an  amendment? 

Mb.  Croes. — ^Yes. 

The  amendment  was  duly  seconded. 

The  Pbesident. — The  amendment  has  been  proposed,  so  that  the 
wording  be  chaoged,  that  it  is  the  sense  of  this  meeting  that  the  next 
Convention  be  held  at  Asheville.     That  is  open  for  discussion. 

Mb.  LxTDiiOW. — Isn't  it  the  fact  that  the  Board  has  the  authority  to 
fix  the  time  and  place,  or  is  it  only  done  through  the  action  of  the 
Convention  ? 

The  Secbetabt. — It  is  done  through  the  action  of  the  Society. 

Mb.  LuDiiOW. — Then  I  understand  the  effect  of  the  motion  of  the 
gentleman  who  has  just  spoken  is,  that  this  matter  be  referred  to  the 
Board  with  the  power  to  fix  the  time  and  place,  it  being  the  sense  of 
this  meeting  that  the  Convention  be  held  in  Asheville;  is  that  the 
proposition? 

The  Pbehident. — That  will  be  the  effect  of  it;  that  it  be  referred, 
with  the  statement  that  it  is  the  sense  of  this  meeting  that  it  be  held 
in  Asheville. 

Mb.  Habrod. — The  amendment  is  accepted. 

The  Pbesident. — The  motion  then  stands  that  this  matter  be 
referred  to  the  Board  of  Direction,  it  being  the  sense  of  this  meeting 
that  the  next  Convention  should  be  held  at  Asheville. 

Gabdneb  S.  Williams,  M.  Am.  Soc.  C.  E. — I  rise  to  a  point  of  order. 

The  Pbesident. — What  is  the  point? 

Mb.  WiiiUAMB. — The  point  being  that  the  meeting  has  already 
amended  the  original  motion,  and  therefore  the  original  mover  has  no 
more  control  of  it,  to  accept  or  refuse  the  amendment.  The  meeting  is 
the  only  one  to  amend  that  motion. 

The  Secbetabt. — I  should  like  to  have  a  definite  ruling,  for  the  pur- 
pose of  our  record  as  to  what  did  happen  about  this  Asheville  resolu- 
tion. The  resolution  was  passed  that  the  next  Convention  should  be 
held  at  Asheville,  North  Carolina. 

The  Pbesident. — That  was  an  amendment  of  a  pending  motion,  and 
that  left  the  original  motion  to  be  put,  and,  pending  the  consideratiou 
of  the  original  motion  as  amended,  Mr.  Croes'  motion  is  made  that  it 
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Discussion  on  be  referred  to  the  Board  of  Direction  with  the  statement  that  it  is  the 
for  next  sense  of  this  meeting  that  it  be  held  at  Asheyille,  and  that  is  in  the 
(cont^Md^    i^&tnre  of  an  amendment  of  the  original  motion. 

WiLLiAH  Watson,  M.  Am.  Soc.  C.  £. — Mr.  President,  I  believe 
an  original  motion  has  been  put  and  two  saccessiye  amendments  haye 
been  made.  Now,  if  I  make  the  motion  for  the  previons  question,  the 
whole  thing  will  come  np  on  the  original  motion.  I  therefore  move  the 
previous  question. 

The  Pbbsidemt. — I  will  direct  the  gentleman  that  the  original 
amendment  has  not  been  put. 

Mb.  Watson. — It  will  cut  off  the  two  amendments;  the  motion  I 
make  is,  that  the  previous  question  be  put. 

The  Pbbsident. — The  Chair  hears  no  call  for  the  previous  question. 

Mb.  G.  S.  WmJAXS. — I  want  to  say  a  word  in  regard  to  the 
amendment  now  pending  before  the  Society,  and  in  regard  to  the 
motion  under  consideration.  It  seems  to  me  that  while  there  is  no 
doubt  that  there  is  a  large  sentiment  in  this  room  in  favor  of  meeting 
in  Asheville,  in  which  I  fully  concur,  it  might  not  be  right  to  tie  up 
the  Board  of  Direction  by  the  passage  of  this  resolution  in  the  pro- 
posed amended  form.  Something  might  turn  up,  before  the  time 
comes  for  setting  the  Convention,  which  may  lead  to  a  more  suitable 
choice  elsewhere.  I  therefore  feel  that  we  might  do  better  to  simply 
refer  this  whole  matter  to  the  Board  of  Direction  without  any  instruc- 
tions, they  knowing  fully  the  sentiment  which  has  been  expressed  here, 
and  I,  myself,  feel  that  the  Board  of  Direction  would  take  all  due  cog- 
nizance of  that  sentiment  and  at  the  same  time  would  be  free  to  make 
other  arrangements,  if,  for  any  reason,  it  should  be  desirable. 

The  Pbesident. — That  is  a  statement  of  fact. 

Mb.  Wilson. — I  want  to  add  merely  one  more  remark  in  agreement 
with  the  last  speaker.  Personally,  I  am  very  much  in  favor  of  Ashe- 
ville. At  the  same  time  I  do  not  like  to  see  these  precedents  over- 
ruled, and  those  of  us  who  were  present  at  the  Convention  in  Niagara 
will  recall  that  there  was  a  similar  discussion  as  to  our  coming  to 
Washington,  and  the  matt-er  was  withdrawn  and  was  left  to  go  to  the 
Board  of  Direction  without  instructions.  I  think  it  an  admirable 
plan,  and  I  hope  that  the  members  of  this  Convention  in  voting  may  see 
their  way  to  vote  with  a  view  to  leaving  the  whole  matter  to  the  Board 
of  Direction  without  instructions.     (Applause.) 

Mb.  Ludlow. — It  appears  that  the  sense  of  the  meeting  has  been 
expressed,  and  Asheville  is  already  selected.  Of  course,  the  gentlemen 
who  did  not  vote  for  Asheville  have  in  mind  some  other  place,  and  they 
would  like  to  leave  the  situation  so  that  Asheville  mav  be  side-tracked. 
It  is  a  pretty  hard  proposition,  but  I  myself  do  not  care  to  see  any 
precedent  broken  in  that  way.  I  think  the  Board  of  Direction,  if  they 
prefer  to  perform  these  functions,  should  be  allowed  to  do  so.     I  don't 
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irant  to  rtin  counter  to  their  wishes.  If  the  gentleman  who  made  the 
last  amendment  will  simply  make  one  change,  I  think  those  who  didn't 
Tote  for  Asheville  will  adopt  this  proposition,  that  the  matter  be 
referred  to  the  Board  of  Direction  without  instructions,  that  it  is  the 
unanimous  wish  of  this  meeting  assembled.     (Laughter  and  applause.) 

Ths  PBBSiDBirr. — The  motion  is  upon  Mr.  Croes'  amendment  that 
this  matter  of  the  holding  of  the  Annual  Conyention  be  referred  to  the  i 
Board  of  Direction,  with  the  statement  that  it  is  the  sense  of  this 
meeting  that  it  shall  be  held  in  Asheville.     Those  who  are  in  favor  of 
that  amendment  will  signify  it  by  saying  <'aye." 

The  "ayes "  haying  voted,  the  Chair  announced  the  motion  carried. 

Mb.  Wilson. — Don't  the  "noes  "  get  a  chance?  When  fche  "  noes  " 
understand  that  these  are  instructions  to  the  Board  of  Direction  they 
will  all  vote  on  it. 

The  Pbbsidsnt. — If  the  Chair  failed  to  call  the  "  noes  "  he  was  in 
error,  and  I  now  call  for  the  "noes  "  on  Mr.  Croes'  amendment  that 
it  be  referred  to  the  Board  of  Direction,  with  the  statement  that  it  is 
the  sense  of  this  meeting  that  it  be  held  at  Asheyille.  I  will  have  to 
ask  those  in  favor  to  stand  up  |tnd  be  counted. 

Mb.  WnaoN. — ^I  think  there  area  number  who  don't  understand  this. 

The  Pbesidsmt. — If  amended  it  will  stand  as  amended  to  be  acted 
on  then  by  the  meeting  as  counted. 

A  rising  vote  being  taken,  it  was  announced  70  in  favor  and  14 
against. 

The  Pbesibsnt. — The  motion  now  stands  as  amended  by  Mr.  Croes' 
motion,  and  is  before  the  house. 

The  motion  was  put  to  vote  and  carried. 

The  Secbetabt. — I  am  directed  by  the  Board  of  Direction  to  report      special 
that  the  Board  recommends  that  the  Special  Committee  on  Analysis  of    ^"^'rJI^Qf 
Iron  and  Steel,  sub-committee  of  the  American  Society  of  Civil  Engi-  iron  andsteel, 
neers,  of  the  International  Committee  on  Standards  for  the  Analysis   *''«'™**'**' 
of  Iron  and  Steel,  of  which  Professor  J.  W.  Langley  is  Chairman,  be 
discharged. 

A  motion  to  the  above  effect,  being  duly  seconded,  was  carried,  and 
the  President  declared  the  Committee  discharged. 

The  Secbetabt. -T-The  Board  recommends  that  the  Special  Com.     special 
mittee  on  Units  of  Measurements  be  discharged.  Committee  od 

The  motion,  being  duly  seconded,  was  carried,  and  the  President  MeaBuremeDt 
announced  the  Committee  discharged.  Discharged. 

Mb.  Williams. — I  want  to  call  attention  to  one  little  omission 
which  it  seems  to  me  should  be  corrected,  reviewing  the  proceeding 
on  this  question  of  referring  the  matter  to  the  Board  of  Direction.  We 
have  amended  the  motion,  but  we  have  not  yet  adopted  the  motion 
as  amended. 

The  Pbesidbnt. — I  think  we  did  do  that. 


216  BEPOBT  IN  FULL  OF  THE  BUSINESS  MEETING.       [Society 

The  Secbetaby. — The  railroad  representatiye  here  who  has  vis^d 
the  certificates  tells  me  that  if  the  members  of  the  Society  should  go 
in  btinches  of  ten  or  fifteen,  or  even  five,  to  the  station  to  get  their 
tickets  on  the  certificate  plan  for  the  return,  they  probably  would 
lose  several  trains  before  they  could  purchase  them,  and  that  there- 
fore it  is  necessary  for  them  to  attend  to  the  purchase  of  return 
tickets  as  early  as  possible  on  the  day  of  departure,  and  that  the  best 
places  to  handle  that  business  are  the  uptown  ticket  offices  in  the 
neighborhood  of  the  Treasury  Department. 

A  Member. — ^Must  that  be  on  the  day  of  departure  ? 

The  Secbetaby. — Unless  you  leave  early  in  the  morning. 

Adjourned. 

EXCURSIONS  AND  ENTERTAINMENTS  DURING  THE 
THIRTY-FOURTH  ANNUAL  CONVENTION. 

The  arrangements  for  the  Convention  were  in  the  hands  of  the  fol- 
lowing Committees : 

CommiUee  of  (he  Board  of  Direction. 

MoBDEGAi  T.  Endioott,  Chairman, 
Geobge  H.  Peobam,  Chas.  Wabben  Hunt. 

Local  CommiUee, 

Geoboe  W.  MELViLiiE,  Chairman, 
John  Beddle,  Conway  B.  Hunt, 

William  M.  Black,  David  E.  MgComb, 

David  S.  Cabll,  Alexandeb  Mackenzie, 

Bebnabd  B.  Gbeen,  Alexandeb  M.  Milleb, 

Hebbebt  M.  Wilson. 

By  the  courtesy  of  the  Pennsylvania  Railroad  a  special  train  was 
made  up  for  members  of  the  Society  and  their  guests,  to  run  from  New 
York  to  Washington.  This  train  left  Jersey  City  at  1.14  p.  m.  on  Mon- 
day, May  19th,  made  stops  at  Newark,  Trenton,  Philadelphia  and  Balti- 
more, and  arrived  in  Washington  at  6. 10  p.  m. 

The  Pennsylvania  Railroad  made  a  special  rate  of  a  single  fare  for 
the  trip  to  Washington  and  return.  By  arrangement  with  the  Trunk 
Line  Passenger  Association,  a  rate  of  one  and  one-third  fare  was  secured 
for  all  who  attended  the  Convention. 

In  the  afternoon  of  Tuesday,  May  20th,  through  the  courtesy  of 
the  Washington  Railway  and  Electric  Company,  a  large  party  of  mem- 
bers and  guests  made  an  excursion  to  Cabin  John  Bridge,  the  return 
trip  being  made  by  way  of  Chevy  Chase. 
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The  illustTated  talks,  descriptive  of  yarions  engineering  features  in 
Washington  and  yioinitj,  delivered  bj  several  of  the  local  members, 
•dnring  the  evening  of  Tuesday,  May  20th,  formed  one  of  the  most 
interesting  and  instructive  features  of  the  Convention. 

On  Wednesday,  May  21st,  at  9.45  a.  m.,  the  members  of  the  Society 
were  received  at  the  White  House  by  the  President  of  the  United 
States. 

During  the  afternoon  of  Wednesday,  May  21st,  a  large  party  of 
members  and  guests  visited  the  Washington  Kavy  Yard,  -where  every 
opportunity  for  inspecting  the  gun  factory,  towing  tank  and  apparatus 
for  testing  ship  models  was  furnished.  During  the  visit  a  jacket  was 
shrunk  on  a  12-in.  gun. 

On  Thursday,  May  22d,  a  party  of  about  600  members  and  guests 
visited  the  Washington  Barracks  and  witnessed  an  exhibition  of  pon- 
toon bridge  building  by  the  Engineers'  School  and  Battalion. 

Immediately  thereafter  the  party  boarded  the  Steamer  Macalester 
and  sailed  down  the  Potomac  to  Fort  Washington,  where  the  operation 
of  the  10-in..guns  on  disappearing  carriages  was  described,  and  a  gun 
flred.  Again  taking  the  steamer,  the  party  proceeded  to  Marshall 
Hall,  where  a  planked-shad  dinner  was  served. 

After  dinner,  Mt.  Vernon  was  visited.  After  inspecting  the  house 
and  grounds,  the  party  listened  to  an  interesting  address  on  George 
Washington  as  a  Surveyor  and  Civil  Engineer,  by  Herbert  M.  Wilson, 
M.  Am.  Soc.  C.  E.     The  party  reached  Washington  at  5.30  p.  ic 

In  the  evening,  commencing  at  9.30  p.  h.,  an  informal  dance  in  the 
ballroom  of  the  Willard  was  enjoyed  by  a  large  number. 

On  Friday,  May  23d,  parties  were  conducted  by  the  local  members 
to  a  number  of  points  of  engineering  and  general  interest,  among 
them  being  the  Capitol,  Library  of  Congress,  Washington  Monument, 
National  Museum,  Geological  Survey,  Coast  Survey,  War  Department, 
National  Cemetery,  etc. 

Upon  the  invitation  of  the  Trustees  of  the  Corcoran  Gallery  of  Art 
it  reception  was  held  at  the  GhiUery  in  the  evening  from  8  to  11. 
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THE   ATTENDANCE   AT   THE   THIRTY-FOURTH   ANNUAL 

CONVENTION. 


The  following  843  members  were  in  attendance: 

Abbott,  F.  V Washington,  D.  0.  Carll,  David  8 Washington,  D.  0. 

Abert,  8.  T Washington,  D.  C.  Carter,  Shirley Bichmond,  Va. 

Ackermann,  E.  B New  York  City  Carter,  William  J. . . .  Cleveland,  Ohio 

Adams,  Baymond  E.,  Catt,  George  W New  York  City 

Washington,  D.  0.  Chambers,  F.  T. . .  .Philadelphia,  Pa. 

Aiken,  W.  A Pittsburg,  Pa.  Chapin,  L.  E Canton,  Ohio 

Allen,  C.  H New  York  City  Chase,  B.  I) New  York  City 

Allen,  Henry  C Syracuse,  N.  Y.  Chester,  J.  N Pittsburg.  Pa^ 

Allen,  James  P Charleston,  S.  C.  Churchill,  Chas.  S Boanoke,  Va. 

Allen,  Kenneth .Baltimore,  Md.  Clark,  Ia  V Philadelphia.  Pa. 

Allen,  William  A Maurer,  N.  J.  Codwise,  Edward  B.  .Kingston,  N.  Y. 

Andrews,  Horace Albany,  N.  Y.  Codwise,  H.  B Brooklyn,  N.  Y. 

Asserson,  P.  C Brooklyn,  N.  Y.  Coffin,  Amory New  York  City 

Aus,  Gunwald New  York  City  Cohen,  Mendes Baltimore,  Md. 

Averill,  F.  L Washington,  D.  C.  Cook,  John  H .'Paterson,  N.  J. 

Aylett,  P Portsmouth,  Va.  Connor,  E.  H  ...  Leavenworth,  Kans. 

Corthell,  A.  B New  York  City 

Babb,  C.  C Washington,  D.  C.  Oraighill,  William  P. , 

Bacon,  J.  W Danbury,  Conn.  Washington,  D.  C. 

Baldwin,  F.  H Bayonne,  N.  J.  Crane,  Albert  8., 

Barnsley,  George  T. . . .  Oakmont,  Pa.  g^oit  ste.  Marie,  Ont.,  Canadct 

Bassett,  G.  B Buffalo,  N.  Y.  Cr^es,  J.  J.  B New  York  City 

Bates,  Onward Chicago,  111.  Creuzbaur,  B.  W New  York  City 

Belknap,  W.  E New  York  City  Crowell,  F New  York  City 

Benzenberg,  G.  H. . .  Milwaukee,  Wis.  Cummings,  Bobert  A . .  Pittsburg.  Pa. 

Bergengren,  F Harrisburg,  Pa. 

Berle.  K  Washiogton,  D.  C.  Dairy mple,  F.  W .  .Jamestown,  N.  Y. 

Berthelet,  J  B Milwaukee,  Wis.  Darrach,  0.  G Bidley  Park,  Pa. 

Biddle,  John Washington,  D.  C.  Davis,  Arthur  P. .  .Washington.  D.  C. 

Black,  William  M.  .Washington.  D.  C.  Davis.  Charles Allegheny,  Pa. 

Boiler,  A.  P New  York  City  Davis.  Harold Washington,  D.  C. 

Boiler,  A.  P.,  Jr        .Brooklyn,  N.  Y.  Davidson,  George  8. . .  .Pittsburg,  Pa. 

Bolton,  Channing  M. Bio,  Va.  Dean,  Luther Taunton,  Mass. 

Bouscaren,  G Cincinnati.  Ohio  Deans,  John  8 Phoenixville,  Pa. 

Braine,  L.  F Newark,  N.  J.  Dennin.  W.  P Bichmond.  Va. 

Breithanpt,  W.  H.,  Douglas.  E.  M  . . .  Washington,  D.  C. 

Berlin,  Ont.,  Canada  Drake,  A.  B New  Bedford,  Mass. 

Brendlinger,  P.  F Narberth,  Pa.  Dunham,  H.  F New  York  City. 

Bryson,  Andrew Beading,  Pa.  Dunn,  E.  C Alexandria,  Va. 

Buchholz,  C.  W New  York  City 

Burr,  Edward Washington,  D.  C.  Easby,  M.  Ward. . .  .Philadelphia,  Pa. 

Ellis.  John  W Woonsocket,  B.  !► 

Card,  W.  W Pittsburg,  Pa.  Endioott,  Mordecai  T., 

Carlile,  T.  J Philadelphia,  Pa.  Washington,  D.  C. 
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Xngle,  B.  L CinciDnati,  Ohio  Hanna,  John  H. . .  Washiogton,  D.  C. 

Brlandsen,  Oscar New  York  City    Hansel,  Charles New  York  City 

Evans,  M.  £ New  York  City    Harper,  Isaac  O Baltimore.  Md. 

Harrington,  P.  P.... Brooklyn,  N.  Y. 

Pendall,  B.  T Baltimore,  Md.    Harris,  CM New  York  City 

Piebeger,  G.  J. . .   .  West  Point,  N.  Y.     Harrison,  E.  W Jersey  City,  N.  J. 

Pinher,  Edwin  A. . .  Bocheeter.  N.  Y.     Harrod,  B.  M New  Orleans,  La. 

Jj'itch,  C.  H Washington,  D.  0.  Hartranlt,  W.  G     .  PhUadelphia,  Pa. 

Flad,  Edward St.  Louis,  Mo.  Hatton,  T.  Chalkley, 

Flynn,  Benjamin  H.  .Colambns,  Ohio  Wilmington,  Del. 

Polwell,  A.  Prescott Easton,  Pa.     Haupt,  L.  M Philadelphia.  Pa. 

J'ranois,  Charles Davenport,  Iowa    Hayes,  Edward Cohoes,  N.  Y. 

Freeman,  Frank  L..  Washington,  D.  C.     Hay  ford,  J.  P Washington,  D.  O. 

Trey  hold,  Felix. . .  Washington,  D.  C.     Hazen,  Allen New  York  City 

Prink,  E.  A Baltimore,  Md.    Hazlebnrst,  J.  N Mobile,  Ala. 

Fuller,  George  W New  York  City  Hendricks,  V.  K .  .Indianapolis,  Ind. 

Fuller,  William  B. . . .  Paterson,  N .  J.     Hering.  Budolph New  York  City 

Furber,  W.  C Philadelphia,  Pa.  Herschel,  Clemens. . .  New  York  City 

Hickok,  H.  A Newark,  N.  J. 

Oahagan,  W.  H Brooklyn,  N.  Y.     Hider,  Arthur Greenville,  Miss. 

<5arri8on,  F.  L     . .  .Philadelphia,  Pa.     Hildenbrand,  W .JTew  York  City 

-Gartensteig.  Charles.  .New  York  City    Hill,  E.  A Washington,  D.  C* 

Gates,  Christopher  L  .  .Toledo,  Ohio  Hodgdon.  Frank  W. . . . Boston,  Mass. 

•Gerig,  William Memphis.  Tenn.     Honens,  Fred  W Sterling,  111. 

Gifford,  George  E New  York  City    Horton,  Horace  E Chicago.  111. 

Goad.  C.  E  .  .Montreal,  Que.,  Canada  Horton,  Theodore. . .  .New  York  City 

-Goldflborongh,  J.  B.,  Hovey,   0.   E Pen  coy  d.  Pa. 

Croton-on-Hudson,  N.  Y.    Howe,  Horace  J New  York  City 

OoodeU,  J.  M Worcester,  Mass.     Howell,  D.J Washin«ton.  D.  C. 

Gowen,  Charles  8 . . . .  Ossining,  N.  Y.     Hughes.  W.  M  Chicago,  111. 

-Grafton,  C.  E Akron.  Ohio  Humphreys,  Kichard  L. 

Oraham,  J.  M Baltimore,  Md.  Philadelphia,  Pa. 

Grantham.  Herbert  T..  Hunt,  Charles  Warren. New  York  City 

Philadelphia,  Pa.  Hunt,  Conway  B ..  Washington,  D.  C. 

-Gray,  Samuel  M  . .  .Providence,  R.  I.     Hunt,  Robert  W Chicago,  HI. 

Oreen,  Bernard  R.  .Washington,  D.C.     Hutton.   N.  H Baltimore,  Md. 

•Greene,  Charles  E.  .Ann  Arbor,  Mich.  Hyde,  Charles  G. .  .Phihidelphia,  Pa. 

Oreiner,  John  E Baltimore,  Md. 

Griggs,  Julian Columbus,  Ohio    Ingalls.  O.  L Washington,  D.  C. 

•Guthrie,  Edward  B. . .  .Buffalo,  N.  Y. 

Johnson,  A.  L St.  Louis,  Mo. 

Hagar,  Edward  M Chicago.  111.    Johnson,  J.  M Louisville,  Ey. 

Haines,  C.  W Philadelphia.  Pa.    Johnson,  Lewis  E Steelton,  Pa. 

Haines.  H.  8 Detroit,  Mich.     Johnson,  L.  J Cambridge,  Ma<<s. 

Hains,  P.  C  Baltimore,  Md.     Jordan,  £.  C Portland,  Me. 

Hall,  Benjamin  M Atlanta,  Ga.  Judson,  William  Pierson 

Hamlin,  G.  H Orono,  Me.  Oswego,  N.  Y. 

Hankinson,  A.  W New  York  City  Judson.   W.  V. . .  .Washington,  D.  C. 
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Kenney,  E.  F Philadelphia,  Pa,  Marburg,  Edgar ....  Philadelphia.  Pa. 

Khuen,  H.,  Jr Pittsburg,  Pa.  Marden,  Walter  B.  .Philadelphia,  Pbu 

Kimball,  George  A  —  Boston,   Mass.  Marple,  William  M Scran  ton.  Pa. 

King,  Paul  S New  York  City  Matcham,  Charles  A.  .Allen town.  Pa. 

Eingsley,  M.  W Cleveland,  Ohio  Matthes,  Gerard  H.Washington,  D.C. 

King,  W.,  Jr New  York  City  Maxwell,  J.  B l^ewark,  Del. 

Knap,  J.  M .New  York  City  Mead,  Elwood Washington,  D.  0. 

Knowles,  Morris Pittsburg,  Pa.  Melville,  George  W. 

Kuichling,  Emil Bochester,  N.  Y.  Washington,  D.  0. 

Kutz,  C.  W Washington.  D.  0.  Marindin,  H.  L. . .  .Washington,  D.  C. 

Meyer,  Henry  C,  Jr . . .  New  York  City 
La  Chiootte,  H.  A. . .  .New  York  City    j^iu^,^  Aleiander  M. 

I-a*«>^«»  0-  H Baltimore,  Md.  Washington,  D.  C. 

Latta,  Harrison  W . .  PhiUdelphia,  Pa.  filler,  Spencer New  York  City 

Leisen,  Theodore  A.  Wilmington,  Del.  ^iUs,  Charles  M  .  .Philadelphia.  Pa. 

Leland,W.A Columbia.  8.  C.  Montfort,  Bichard ....  Louisville,  Ky. 

Leonard,  H.  B Philadelphia.  Pa.  Montgomery.  J.  A.  BirmiDgham,  Ala.. 

Lepper,  Fred  W. .  Washington.  D.  C.  ^oore,  Charles  H. . .  .New  York  City 

Lesley,  B.  W Philadelphia,  Pa.  Moore.  Bobert St.  Louis.  Mo. 

Lewerenz,  A.  0. . .  .Washington,  D  C.  Mordecai,  A Cleveland.  Ohio^ 

Linton.   Harvey Altoona,   Pa.  ^^„^^  c.  M Buflfalo,  N.  Y. 

Livingston,  J.  L  .  Bound  Brook.  N.  J.  Mosman.  A.  T . . . .  Washington,  D.  O. 

Lockwood,  Willard  D.Baltimore,  Md.  Munroe,  Horsey.  .Washington,  D.  0. 

Long,  E.  McL New  York  City  ^^  ^    ^    j^    j,  .Bichmond,  Va. 

Looker,  H.  B Washington,  D.  C- 

Loomis,   Horace New  York  City  Neumeyer,  B.  E Bethlehem,  Pa. 

Loree,  L.  F Baltimore,  Md.  Newell,  F.  H Washington,  D.  C. 

Low,  George  E New  York  City  Nicolson.  G.  L Washington,  D.  0. 

Loweth,   C.   F Chicago.  111.  Noble,  Alfred New  York  City- 

Lowinson,  Oscar New  York  City  North,  Edward  P New  York  City 

Ludlow,  J.  L Winston,  N.  C.  Norton,  A.  G Wheeling.  W.  Va. 

1^"°^'  ^ Washington.  D.  C.  Qckerson,  J.  A St.  Louis.  Mo. 

^^«^»  ^-^ Washington,  D.  C.  Q'Bourke,  John  F. . . .  New  York  City 

^y^^^'T.D Pittsburg.  Pa.  Qwen,  James Newark,  N.  J. 

Lyon,  W.   C Washington,  D.  C. 

g  Pardee,  James  T. . .  .Cleveland,  Ohio- 

McCalla,  B.  C Tuscaloosa,  Ala.  Parker,  A.  McC New  York  City- 

McCann,  Thomas  H  .Hoboken,  N.  J.  Parmley,  W.  C Cleveland  Ohio 

McComb,  David  E.  Washington,  D.  C.  Parsons,  A.  L Washington.  D.  C. 

McKenney,  C.  A.  .Washington,  D.  C.  P^gram,  George  H New  York  City 

Mackenzie,  Alexander  Pence,  W.  D Lafayette,  Ind.. 

Washington,  D.  0.  Perrilliat,  Arsdne. .  .New  Orleans.  La. 

McKenzie.  T.  H..Southington,  Conn.  Peterson.  P.  A. 
McEinstry,  C.  H.. Washington,  D.  C.  Montreal,  Que.,  Canada. 

McLain,  L.  B  ...  St.  Augustine,   Fla.  Pew,  Arthur Bainbridge.  Ga. 
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Pollock,  0.  B Brooklyn,  N.  T.  Thaokray,  George  E .  .Johnstown,  Pa. 

Pierce,  William  T Boston,  Hass.     Theban,  J.  Q New  York  City 

Potter,  Alexander New  Tork  City  Thomas,  George  £ . .  .Annapolis,  Md. 

Powell,  A.  Y Chicago,  111.  Thompson,  Benjamin, 

Pratt,  William  Arthur,  Chattanooga,  Tenn. 

Philadelphia,  Pa.  Thompson,  W.  A. . .  Washington,  D.  C. 

Preasey,  H.  A Washington,  D.  C.    Tinkham,  S.  £ Boston,  Mass. 

Pront,  H.  G New  York  City  Trantwine,  John  C,  Jr., 

Philadelphia,  Pa. 

Quick,  Alfred  M Baltimore,  Md,  TuUook,  A.  J ... .  Leayenworth,  Eans. 

Bamsey,  Edmund  P.  .Brooklyn,  N.Y. 

Beed,W.Boardman... New  York  City    jj^^^^^  j^^.^^ NewYorkCity 

Beynders,  J.  V.  W. . . . Hamsburg,  Pa. 

Bichards,  J.  T Philadelphia,  Pa.  _           ,  ,      ^      ^,      „    ,  ^. 

Bichardson,  T.  F Clinton,  Mass.  ^^  ^^f^*'  ^^^  ^' '  '^^^  ^^'^  ^'^^ 

Biggb,M.J Toledo,  Ohio  Vredenburgh,  Watson,  Jr., 
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BoDunel,  George,  Jr., 

Wilmington,  Del.     Wagner,  J.  C Philadelphia,  Pa. 

Bousseau,  H.  H. .  .Washington,  D.  C.    Wagner,  8.  T  Philadelphia,  Pa. 

Bussell,  S.  Bent St.  Louis.  Mo.  Wallace,  W.  M . . . .  Washington,  D.  C. 

Byder,  Ely  M.  T.  .New  Haven,  Conn.  Warman,  F.  C. . ..  Washington,  D.  C. 

Watkins,  J.  E Washington,  D.  C. 

Sabin,  A.  H New  York  City     Warder,  J.  H Chicago.  111. 

Schaub,  J.  W Chicago,  111.     Watson,  William Boston,  Mass. 

Schermerhorn,  L.  Y.,  Webster,  G.  S Philadelphia,  Pa. 

Philadelphia,  Pa.  Webster,  William  B., 

Schmitt,   Ewald. .  .Washington,  D.  C.  Philadelphia,  Pa. 

Schneider,  C.  C New  York  City    Wegmann,  E Katonah,  N.  Y. 

Seaman,  Henry  B. . .  .New  York  City  Weller,  Francis  B .  Washington,  D.  C. 

Shirreffs,  Beuben Bichmond,  Va.     Wentworth,  C.  C Boanoke,  Va. 

Shryock,  Joseph  G.Philadelphia,  Pa.     Weston,  B.  8 Boston,  Mass. 

Smith,  J.  Waldo Paterson,  N.  J.  Whelpley,  J.  B . . .  Washington,  D.  C. 

Smith.  Oberlin...  Bridgeport,   N.J.  Whigtler.  John  T  .Washington  D.C. 

Soper,  G.  A New  York  City    Whitcomb,  H.  D Bichmond,  Va. 

Sperry,  H.  M New  York  City    White,  F.  G  New  York  City 

Stauffer,  D.  McN New  York  City    Whitted,  L.  B Norfolk.  Va. 

Stern,  E.  W New  York  City    Whittemore,  W.  F Hoboken,  N.  J. 

Swain,  (jkorge  F Boston,  MaAS.  Whitson,  Abraham  U., 

Sweet,  Elnathan Albany,  N.  Y.  College  Point,  N.  Y. 

Sweitzer,  N.  B Washington,  D.  C.  Wiloock,  Frederick. .  .Brooklyn.  N.Y. 

Swenason,  Emil Pittsburg,  Pa.     Wilkins,  W.  G Pittsburg,  Pa . 

Wiley,  W.  H New  York  City 

Taber,  George  A New  York  City  Williams.  Gardner  8  . .  .Ithaca,  N.  Y. 

Tait,  John  G New  York  City    WUls,  A.  J Harrisburg,  Pa. 

Tenney,  George  O.,  Wilson,  C.  A Cincinnati,  Ohio 

Spartanburg,  8.  C.     Wilson.   H.  M Washington,  J>,  C. 

Thacher,  Edwin New  York  City  Wilson,  Percy  H . . .  Philadelphia,  Pa. 
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WisDor,  George  T Detroit,  Mich.  Tonge,  Samuel  H. , .  .BichmoDd,  Va. 

Wolf  el ,  Paul  L Penooy  d.  Pa. 

Worcester,  J.  B Boston,  Mass.  Zeller,  A.  H St.  Looia,  Mo. 

Worthington,  Charles.  .Pittsburg,  Pa.  Zipperlein,  Joseph  W., 

Wright,  M.  H Nashville,  Texin.  Philadelphia,  Pa. 

The  total  registered  attendance  at  the  Convention  was  as  follows: 

Members  of  the  Society,  in  all  grades 343 

Guests,  including  ladies 377 


Total 720 
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ANNOUNCEMENTS. 

KThe  House  of  the  Society  U  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day  and 
Christmas  Day. 

MEETINQS. 

Wednesday,  September  3d,  ipoj.— S.SOp.  m. — A  regular  business 
meeting  will  be  belcL  Ballots  for  membersbip  will  be  canvassed,  and 
a  paper  by  R  C.  McCalla,  M.  Am.  Soo.  C.  £.,  entitled  **  Improvement 
of  the  Black  Warrior,  Warrior  and  Tombigbee  Bivers,  in  Alabama, 
will  be  presented  for  discussion. 

This  paper  was  printed  in  the  Proceedings  for  April,  1902. 


it 


Wednesday,  September  17th,  190a. — 8. 80  p.  m.— At  this  meeting, 
a  paper  by  James  N.  Hazlehurst,  M.  Am.  Soc.  0.  £.,  entitled  ''The 
Maintenance  of  Asphalt  Streets,'*  will  be  presented  for  discussion. 

This  paper  was  printed  in  the  Proceedings  for  May,  1902. 

Wednesday,  October  ist,  190a. — 8.30  p.  h.— A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper  by  Theron  A.  Noble,  M.  Am.  Soc.  C.  £.,  entitled  ''  The  Flow 
of  Water  in  Wood  Pipes,"  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

Wednesday,  October  15th,  1901. — 8.30  p.  m. — At  this  meeting,  a 
paper,  entitled  '*The  Protection  and  Improvement  of  Foreshores  by 
the  Utilization  of  Tidal  and  Wave  Action,"  by  B.  G.  Allanson-Winn, 
M.  Inst.  C.  £.,  I.,  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 
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ACCESSIONS  TO  THE  LIBRARY. 

From  May  7th  to  August  5th,  1902. 

DONATIONS.* 
ELECTRIC  POWER  TRANSMISSION. 

A  Practical  Treatise  for  Practical  Men.     By  Louis  Bell,  M.  Am. 
Inst.  £.  £.    Third  Edition,  Revised  and  Enlarged.    Cloth,  9}  x  6} ins.,. 
632  pp.,  illus.,  2L  plates.     New  York,  Electrical  World  and  Engineer, 
1901.     $3.00. 

This  Tolume  is  dosigrned  to  set  forth  in  the  simplest  i>088lble  manner  the  fimdamen- 
tal  facts  concaminsf  present  practice  In  electrical  transmission.  The  author  has  endeav- 
ored, in  introducing  such  theoretical  considerations  as  are  necessary,  to  explain  them 
in  the  most  direct  way  practicable,  usinj?  proximate  methods  of  proof  and  staUng  only 
the  results  of  investigation  when  the  processes  are  complicated.  In  order  to  bring  the 
present  edition  up  to  date  it  became  necessary  almost  to  rewrite  some  of  the  chapters, 
adding  considerable  amounts  of  new  matter  and  many  illustrations  of  recent  plants 
and  apparatus.  A  brief  chapter  on  commercial  electrical  measurements  has  been 
added,  and  a  final  chapter  on  the  present  state  of  high  voltage  transmission  has  been 
utilized  to  bring  the  latest  developments  of  the  art  before  the  reader.  The  contents  are: 
Elementary  Principles;  Qeneral  Conditions  of  Power  Transmission;  Power  Transmis- 
sion by  Continuous  Currents;  Some  Properties  of  Alternating  Circuits;  Power  Trans- 
mission by  Alternating  Currents;  Synchronous  and  Induction  Motors;  Current  Reorgan- 
izes; Engines  and  Boilers:  Water  wheels;  Hydraulic  Development;  The  Organization 
of  a  Power  Station;  ihe  Line;  Line  Construction;  Centers  of  Distribution;  The  Com- 
mercial Problem;  The  Measurement  of  Electrical  Energy;  The  Present  State  of  High 
Voltage  Transmission.    There  is  an  index  of  six  pages. 

THE  MECHANICS  OP  ENOINEERINO. 

Volume  II.  The  Stresses  in  Framed  Structures,  Strength  of  Ma- 
terials and  Theory  of  Flexure;  also  the  Determination  of  Dimensions 
and  Designing  of  Details,  Specifications,  Complete  Designs  and  Work- 
ing Drawings.  By  A.  Jay  Du  Bois.  Cloth,  11 J  x  8  ins.,  23  -f  609  pp., 
illus.,  28  plates.     New  York,  John  Wiley  &  Sons,  1902.     $10.  00. 

The  present  (twelfth)  edition  of  the  author's  ''Stresses  in  Framed  Structures*'  is 
issued  as  Vol.  n  of  '*  The  Mechanics  of  Engineering,''  of  which  Vol.  I  has  already  ap- 
peared. The  present  volume  is  complete  m  itself.  The  entire  work  has  been  revised, 
although  but  few  changes  from  the  last  edition  have  been  made.  The  contents  are: 
Part  I.  Different  Methods  of  Calculation;  Practical  Application  of  Preceding  Methods 
to  Various  Structures;  Part  II.  Determination  of  Dimensions  and  Designing  of  Details. 
There  is  an  index  of  seven  pages. 

METALLURGY  OP  CAST  IRON. 

A  Complete  Exposition  of  the  Processes  Involved  in  its  Treatment, 
Chemically  and  Physically,  from  the  Blast  Furnace  through  the 
Foundry  to  the  Testing  Machine.  A  Practical  Compilation  of  Orig- 
inal Research.  By  Thomas  D.  West.  Sixth  Edition.  Cloth,  7x5 
ins.,  20  -f-  627  pp.,  illus.  Cleveland,  The  Cleveland  Printing  and 
Pablishing  Co.,  1902.     $3.00.     (Donated  by  the  author.) 

This  work  is  written  with  a  view  to  its  value  not  only  to  the  founder,  the  moulder, 
the  blast-furnace  man,  the  chemist  and  the  engineer,  but  also  to  the  designer,  the 
draftsman,  the  pattern  maker,  the  college  specialist  and  all  who  may  m  any  manner  be 
desirous  of  obtaining  a  practical  knowledge  of  cast  iron  in  its  application  to  founding  or 
any  allied  interests.  In  compiling  this  volume,  the  author  has  been  guided  by  a  broad 
experience  as  a  moulder  and  founder  in  loam,  dry  and  green  sand,  and  in  the  various 
specialties  of  founding.  The  work  has  been  extensively  revised,  and  much  new  matter 
on  making,  mixing,  melting  and  testing  cast  iron  has  been  added.    Part  I  treats  of  Man- 

*  Unless  otherwise  specified,  t>ooks  in  this  list  have  been  donated  to  the  Library 
by  the  Publisher. 
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utacture  and  Use  of  Coke:  Properties  In  Ores;  Operations  of  Blast  Furnaces:  The  Differ- 
ent Brands  of  PIk  Iron  and  How  to  Purchase  and  Use  Them  Intelligently.  Part  11 
treats  of  E3einents  in  Cast  Iron  and  Their  Physical  Effects;  Utility  of  Chemical  Analyses 
and  How  to  Use  Them  in  maldog  the  Different  Mixtures  of  Irons  Used  in  making  Gray 
and  Chilled  Castings.  Part  III  treats  of  Properties  of  and  Methods  for  Testing  Molten 
Iron;  Discloses  Phenomena  in  the  Actions  of  Coolinsr  Metal,  etc.;  Presents  Results  of 
Tests  in  All  Kinds  of  Irons,  and  the  Best  Methods  for  Testing.  There  is  an  index  of 
thirty-three  pages. 

ANNUAL     STATISTICAL    REPORT   OP    THB    AMERICAN    IRON    AND    STEEL 
ASSOCIATION. 

ContainiDg  Complete  StatiBtics  of  the  Iron  and  Steel  Industries  of 
the  United  States  for  1901  and  Preceding  Years.  Paper,  9^  x  6  Ins.,  64 
pp.    Philadelphia,  American  Iron  and  Steel  Association,  1902.     $3.00. 

This  work  gives  full  details  of  the  production  of  iron  ore  and  the  various  forms  of 
iron  and  steel  In  the  United  States  in  IQOU,  and  immediately  preceding  years,  the  ship- 
ments of  iron  ore  from  the  Lake  Superior  and  other  mines,  uie  imports  of  Cuban  and 
other  iron  ore,  the  production  of  coal  and  coke«  the  imports  and  exports  of  iron  and  steel 
and  coal  and  coke,  the  production  of  manganese  ore,  the  prices  of  Lake  Superior  iron 
ore,  the  prices  of  iron  and  steel,  the  tonnage  of  iron  and  steel  vessels  built  In  1900  and 
1901,  immigration  in  1900,  etc. 

Forming  a  part  of  the  report  is  a  paper,  prepared  for  the  United  States  Geological 
Survev,  which  Is  devoted  to  a  review  of  the  progress  made  by  the  world's  iron  and  sterl 
industriesdown  to  thedoseof  the  Nineteenth  Century.  A  feature  of  this  paper  isa- 
chronological  record  of  the  development  of  the  iron  and  steel  industries  of  the  United 
States  from  1019  to  1900,  giving  the  principal  events  in  that  development  and  a  summary 
of  the  results. 

THB  EVOLUTION  OP  MINB-SURVBYINO  INSTRUMENTS. 

By  Dnnbar  D.  Scott  and  Others.  Comprising  the  Original  Paper 
of  Mr.  Scott  on  the  Subject,  together  with  the  Discussion  thereof,  and 
Independent  Contributions  on  the  Subject.  Cloth,  9x5  ins.,  324  pp., 
illus.  New  York  City,  American  Institute  of  Mining  Engineers,  1902. 
93.60. 

In  this  volume  the  Secretary  of  the  Institute  has  gathered  the  several  papers  and 
discussions  on  mine-surveying  fnptruments  which  have  l>een  contributed  to  the  recent 
volumes  of  the  Transections.  The  preface  states  that  '*  the  subject  wiU  never  be 
exhausted.  It  is  believed,  nevertheless,  that  the  material  here  presented  comprises  In 
compact  and  convenient  form  information  of  sufficient  scope  and  ^ue  to  warrant  the 
issue  of  the  book  by  the  institute.'' 

THE  MUNICIPAL  YEAR  BOOK,  190a. 

Giving  the  Population,  Assessed  Valuation,  Principal  Officials  and 
Ownership  of  Public  Utilities;  also  information  regarding  the  Water 
Sup^,  Sewerage,  Street  Cleaning,  Street  Sprinkling,  Garbage,  Fire 
and  UndergrouDd  Electric  Service  in  all  Incorporated  Places  in  the 
United  States,  and  in  all  New  England  Towns  of  3  000  Population  and 
Upwards  by  the  Census  of  1900.  With  Summaries  and  Editorial  Dis- 
cussion. Edited  by  M.  N.  Baker.  Cloth,  9x6  ins.,  54  +  310  pp. 
New  York,  The  Engineering  News  Publishing  Company,  1902.     «3.00. 

This  book  combines  a  directory  of  municipal  officials  and  franchise  companies,  an 
exhibit  of  municipal  and  priyate  ownership,  and  an  outline  of  the  leading  public  works 
and  services  in  each  of  the  1  604  largest  municipalities  of  the  country.  The  preface 
states  that  never  before  has  there  been  presented  so  complete  an  exhibit  of  the  relative 
extent  of  municipal  and  private  ownership.  This  information  is  first  given  alphabetic- 
ally by  States,  together  with  other  facts  relating  to  the  various  cities  and  towns.  It  is 
next  presented  alone,  in  compact  tabular  form,  with  cities  arranged  in  order  of  popula- 
tion, from  Greater  New  York,  with  8  487  902.  to  Rioe  Lake.  Win.,  with  8  008  inhabitants. 
Various  summaries,  by  geographical  location  and  by  population,  follow. 

HANDBOOK  FOR  STREET  RAILWAY  ENGINEERS. 

Containing  Qeometrical  and  Trigonometrical  Formulse,  Transition 
Curve  Tables,  Track  Construction  Tables,  Strength  of  Wooden  Beama 
and  Columns,  £lectrical  Formulae  and  Tables,  and  much  other  Infor- 
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mation  Invalnable  in  Street-Bailway  Design  and  Maintenance.     Bj 

H.  B.  Andrews.   Leather,  6x3  ins. ,  202  pp. ,  plates.    New  York,  John 

Wiley  &  Sons,  1902. 

In  preparinff  this  book,  it  has  been  the  desire  of  the  author  to  present  in  compact 
form  a  cmlection  of  tabies  and  information  particularlv  suitable  for  use  bv  enetneers 
connected  with  street  railways.  The  author,  during  his  connection  with  the  Boston 
laevated  Railway  Company  for  the  past  eleven  years,  has  computed  and  tabulated 
much  of  the  information  given.  Tne  remainder  has  beoi  compiled  from  various 
sources,  selecting  only  that  which  would  be  of  the  most  practical  value  in  everv-day 
work.  All  tables,  diagrams,  formulas,  etc.,  have  been  carefully  rerlfled,  and  it  is 
believel  they  are  free  from  errors  of  any  magnitude.  The  chapter  headings  are:  Men- 
suration—Trigonometrical FormulsB;  Circular  Curves;  Compound  Transition  Curves; 
Plain  Curves;  Miscellaneous  Information:  Bending  Moments,  Strength  of  Materials;  Data 
forEjUmates:  Electrical  Information;  Aluminum  for  Electrical  Conductors;  The  Storage 
Battery;  Tables;  Relative  Percentages  of  Expenditures  to  Gross  Receipts  for  Street 
Railways  m  Massachusetts;  Buyer's  Directory. 

PRINCIPLES  OP  SANITARY  SCIENCE  AND  PUBLIC  HEALTH. 

With  Special  Reference  to  the  Causation  and  Prevention  of  Infec- 
tions Diseases.  By  William  T.  Sedgwick.  Cloth,  9x6  ins.,  19  -f  368 
pp.,  plates.     New  lork.  The  Macmillan  Company,  1902.     ^.00. 

This  volume  is  a  direct  outgrowth  of  a  course  of  lectures  on  Sanitary  Science  and 
Public  Health,  given  for  seve^  years  by  the  author  to  certain  senior  students  of  the 
Massachusetts  nistituteof  Technology,  and  it  has  been  prepared  prlmariW  for  their  use. 
It  is  believed,  however,  that  a  larger  circle  of  students  ana  some  physiclansjpublicists 
and  general  readers  may  be  gliM  to  have  access  to  the  same  material.  Tne  author 
states  that  the  volume  deals  with  principles,  rather  than  the  arts,  of  sanitation;  nor  is 
it  based  upon  lectures  given  to  beginners.  It  is  intended  to  be  no  more  than  an  ele- 
mentary treatise  on  the  subject;  and  while  it  is  believed  that  it  contains  some  new 
material,  and  some  old  material  treated  from  new  points  of  view,  no  special  claim  is  made 
for  originality  either  in  substance  or  in  method  of  presentation.  The  author  has  chiefly 
sought  to  bring  together  and  present  in  a  simple  and  logical  form  those  fundamental 
principles  on  whicn  the  great  practical  arts  of  modem  sanitation  securely  rest.  The 
chapter  headings  are:  On  Health,  Old  Age  and  Disease;  On  JStiology  or  Causes  of 
Disease;  On  the  Rise  and  Influence  of  Bacteriology;  Sanitary  Aspect  of  the  Struggle 
for  Existence:  On  Infection  and  Contagion;  On  TMrt  and  Disease;  On  Sewage  as  a 
Vehicle  of  Infectious  Disease:  On  Water  as  a  Vehicle  of  Infectious  Disease;  On  the 
Establishment  and  Conservation  of  Purity  of  Public  Water  Supplies;  On  Ice  as  a 
Vehicle  of  Infectious  Disease;  On  Milk  as  a  Vehicle  of  Infectious  Disease;  On  Certain 
Uncooked  Fxxxis  as  Vehicles  of  Infectious  Disease;  On  the  Prevention  and  Inhibition  of 
Infection,  Decomposition  and  Decay;  On  the  Destruction  or  Removal  of  Infection:  On 
Some  Popular  Beliefs  as  to  Certain  Special  and  Peculiar  Causes  of  Disease.  There  is  an 
index  of  six  pages. 

SEWAGE  WORKS  ANALYSES. 

Bv  Gilbert  J.  Fowler.     Cloth,  7J  x  5J  ins.,  6  -f  135  pp.,  illns. 

New  York,  John  Wiley  &  Sons,  1902.     «2.0l). 

This  book  has  been  writiten  in  response  to  several  reauests  for  an  account  of  the 
methods  of  analysis  in  use  in  the  laboratory  of  the  Manchester  Corporation  Sewage 
Works.  The  author  has  also  been  able  to  include  descriptions  of  some  of  the  more  im- 
portant processes  employed  in  the  laboratory  of  the  Mersey  and  Irwell  Joint  Committee. 
The  preface  states  that,  in  general,  the  Joint  Committee's  methods  are  designed  for  cases 
where  samples  from  difTerent  works  have  to  be  critically  examined,  the  Manchester 
metbods  for  the  analysis  of  a  lam  number  of  samples  of  sewage  and  effluents  of  the 
same  general  character.  It  is  believed  that  the  methods  here  described  are  such  as  a 
considerable  experience  has  shown  to  be  capable  of  being  rapidly  executed,  and  of  giving 
results  of  an  accuracy  amply  sufficient  for  practical  requirements.  The  Contents  are: 
The  Chemical  Control  of  Sewage  Purification  Processes;  The  Determination  of  Absorbed 
Oxygen;  The  Determination  of  Ammonia;  The  Determination  of  Nitrites  and  Nitrates: 
The  Determination  of  Dissolved  Oxygen:  The  Determination  of  Chlorine,  Acidity  and 
Alkalinity,  and  Iron  Compounds;  The  Determination  of  Solids  in  Solution  and  Suspen- 
sion; The  Analysis  of  Oases  from  the  Septic  Tank  and  from  Bacterial  Filters;  Tables. 
There  is  an  index  of  two  pages. 

STEAM  HEATING  AND  VENTILATION. 

By  William  S.  Monroe,  M.  Am.  Soc.  M.  E.     Cloth,  9J  x  6  ins.,  146 

pp.,  illus.     New  York,  The  Engineering  Record,  1902.     $2.00. 

It  has  been  the  aim  of  the  author,  in  this  work,  to  present  briefly  the  theoretical  con- 
siderations involved  in  the  design  of  heating  and  ventilating  plants,  and  to  compile  the 
best  of  the  large  array  of  empirical  formulas  and  data  in  a  way  that  will  be  of  value  to 
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those  Interested  in  the  current  practice  of  the  art.  The  Contents  are:  Steam  Heating; 
Systems  of  Piping  and  Steam  Supply;  Steam  Heating  Apparatus;  Indirect  Radiators: 
Design  of  Radiation;  Piping  and  Cou'^truction  Details;  Mechanical  Ventilation— Qeneral 
Principles;  Systems  or  Mechanical  Ventilation;  VentilatiDg  Ducts;  Ventilating  Fans; 
Heaters  and  Other  Apparatus.    There  is  an  index  of  three  pages. 

LA  CONSTRUCTION  BN  CIMBNT  ARMB. 

Applications  G^n^rales,  Theories  et  Sjst^mes  Divers.     Par  C.  Ber- 

ger  et  V  Guillerme.      Pr^faoe  de  E.  Oandlot.     2  vol.     Paper,  10  x  6( 

ins.  (Atlas  12  x  9^).     Paris,  Ch.  Dunod,  1902.     40  francs. 

The  authors  hare  endeavored  in  this  work  to  import  information  concerning  the 
principles  and  advantages  of  '*ciment  armd,"  the  different  systems  advocated,  the 
judicious  use  of  materials,  etc.  They  helieve  that  the  exposition  of  theories  and  meth- 
ods of  calculation,  the  description  of  the  processes  of  execution  and  their  many  applica- 
tions, together  with  the. numerous  drawings  and  detailed  dedgns,  make  this  book  a 
practical  treatise,  interesting  alike  to  the  theorist,  the  engineer  and  the  architect.  The 
contents  are:  Chaux  et  Ciments;  Le  Ciment  Armd;  M6thodee  et  Proc6d6s  Divers. 

NBUERB  BAUWBISBN  UND  BAUWBRKB  AUS  BBTON  UNO  BISBN. 

III.  Theil,  Fortsetznng  des  Berichtes  iiber  den  Stand  bei  der  Pariser 
Ansstellnng  aus  dem  Gebiete  desWasserbanes:  Der  Expertenbericht 
iiber  den  Hauseinstarz  in  Base].  lY.  Theil.  Die  Durchbie^^nng  nnd 
Einspannnng  von  armierten  Betonbalken  and  Platten.  Yon  Fritz 
von  Emperger.  Paper,  14x10  ins.,  55  pp.,  illus.  Wien,  Lehmann 
A:  Wentzel,  1902. 

WATER-SUPPLY. 

(Considered  Principally  from  a  Sanitary  Standpoint.)  By  William 
P.  Mason.  Third  Edition,  Rewritten.  Cloth,  9x6  ins.,  7  +  448  pp., 
illns.,  maps.     New  York,  John  Wiley  &  Sons,  1902.     $4.00. 

The  preface  states  that  as  so  much  material  has  been  added  to  the  stock  of  flrenerai 
knovledse  upon  the  subject  of  ''  Wator-supply "  since  the  appearance  of  the  last 
edition  of  this  book  it  was  found  necessary  to  rewrite  \arge  portions  of  the  original 
text.  The  chapters  upon  the  ''  Chemical  and  Bacteriological  Examination  of  Water  *' 
have  been  omitted,  for  the  reason  that  they  have  been  published  separately  in  book  form 
for  the  more  convenient  use  of  students.  Under  Filtration  will  be  found  a  full  account 
of  the  workings  of  the  new  plants  at  both  Albany  and  Ashland,  together  with  statistics 
illustrating  the  results  of  such  filtration  upon  typhoid  death-rates.  Considerable  new 
material  will  be  found  under  the  subject  of  Mechanical  Filtration,  including  a  discus- 
sion of  the  new  iron  coagulant  and  also  the  influence  of  sedimentation-basins  when  the 
filter  is  running  upon  soft  water.  Space  is  also  given  to  a  discussion  as  to  the  merits 
of  the  rival  systems  of  filtration.  American  and  English,  and  to  the  question  of  properly 
choosing  between  them  for  municipal  filtration.  Purification  of  water  by  freezing  and 
underground  storage  are  largely  dealt  with.  All  statistical  tables  are  carried  up  to 
date  and  many  new  illustrations  are  given.  The  chapter  headings  are:  Introductory: 
I>rinking-Water  and  Disease;  Artificial  Purification  of  Water;  Natiu^  Purification  of 


Cities;  Typhoid-Fever  Statistics  for  American  and  European  Cities;  Effects  of  Con- 
taminated waters  upon  Fish;  Water  for  Industrial  Purposes;  Liquids  Deemed  Polluting 
by  English  River  Pollution  Commission;  Use  of  Sea- Water  for  Street-Washing,  Sewer- 
Flushing,  ete.  There  is  an  index  of  twenty-two  pages. 

DIAGRAMS  OP  MEAN  VELOCITY  OF  UNIFORM  MOTION  OF  WATER  IN   OPEN 
CHANNELS. 

Based  on  the  Formula  of  Ganguillet  and  Entter.  Prepared  by 
Irving  P.  Chnroh,  C.  E.  Paper,  9J  x  12^  ins.,  unpaged.  New  York, 
John  Wile  J  &  Sons,  1902.     SI.  50. 

This  is  a  set  of  eleven  diagrams  for  different  values  of  n,  from  0.009  to  0.086,  and 
ranging  from  0.1  ft.  to  86  ft.  in  the  value  of  R^  the  hydraulic  radius;  the  slope  varying 
from  0^1  ft.  to  100  ft.  per  thousand  (that  is,  from  8  =  0.00001  toS  =  0.100).  "  Such  being 
the  range  of  application,  covering  all  ordinary  cases  in  practice,  it  is  thought  that  these 
diagrams  constituto  a  fairly  comprehensive  '  bird's  eye  view '  of  Kutter^s  useful  for- 
mula." 
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The  following  gifts  have  also  been  reoeiyed: 


Ala.  R.  R.  Comra.    9  vol.,  8  bound  toL 

Alaslca  United  Gold  Min.  Co.    1  pam. 

Albany,  N.  T.,  Bureau  of  Water.    1  pam. 

Altoona,  Pa.,  Board  of  Water  Commrs.    1 
pam.,  2  bound  vol. 

Am.  Assoc,  for  Advancement  of  Sd.     1 
pam. 

Am.  Inst,  of  Architects.    1  vol..  1  pam. 

Am.  Inst,  of  Elect.  Engrs.    1  pam. 

Am.  Inst,  of  Min.  Engrs.    18  paoL 

Am.  Mfg.  Co.    1  bound  vol. 

Am.  -Ry.  Eng.  and  M.  of  W.  Assoc.    1  vol. 

Am.  Soc.  of  Mech.  Engrs.    81  pam. 

Amsterdam,    N.    Y.,     Board    of    Water 
Commrs.    1  pam. 

Ariz.  Agricultural  Ezper.  Station.    8  pam. 

Ark.  R.  R.  Comm.    1  bound  vol. 

(L')  Association  Pansienne  des  Propri6- 
taires  d^Appareils  A  Vapeur.    1  vol. 

Atlanta,  Qa.,  Board  of  Water  Commrs.    10 
pam.    1  vol. 
,  Attieborough,  Mass.,  Water  Dept.    1  pam. 

Auburn,  N.  Y.,  Water  Board.   Jpa™' 

Augusta,  Qa.,  Dept.  of  Pub.  Works.     16 
pam. 

Australasian  Inst,  of  Min.  Engrs.    8  pam. 

Baker,  Ira  O.    1  nam. 

Baltimore,  Md.,  Municipal  Statistician.    1 
pam. 

Bangor,  Me.,  Water  Board.    1  pam. 

Bay   City,  Mich.,  Board  of  Water- Works. 
1  pam. 

Bingbamton,  N.  Y.,  Water  Board.    1  pam. 

Boscon  Metropolitan  Water  and  Sewerage 
Board.    1  bound  vol. 

Boston  Soc.  of  Civ.  Engrs.    1  pam. 

Bouscaren,  Q.    5  bound  vol. 

Bradford,  Pa.,  Board  of  Water  Commrs.    1 
pam. 

Brlush  Assoc,  for  Advancement  of  Sd.    1 
bound  vol. 

Brockton,  Mass.,  Water  Commrs.    6  pam. 

Brookline,  Mass.,  Water  Dept.    1  pam. 

Brooklyn  Pub.  Lib.    1  pam. 

Burlington,  Cedar  Rapids  &  Northern  Ry. 

Co.    1  pam. 
Burlington,  Vt.,  Water  Dept.    1  pam. 
Cambridge.  Mass.,  Water  Board.    1  pam. 
Canada-Dept.  of  Rys.  and  Canals.    1  vol. 
Canada  Southern  fty.  Co.    1  pam. 
Canadian  Soc.  of  Civ.  Engrs.    4  pam. 
C  antral  Vermont  Ry.  Co.    2  pam. 
Cincinnati,  Ohio,  Water  Dept.    2  pam. 
Coilingwood.  Francis.    2  vol. 
CdIo.  Agricultural  Exper.  Station.    8  pam. 
Concord,  N.  H..  Water  Dept.    1  pam. 
Conn.  Soc.  of  Civ.  Engrs.    1  vol. 
Darrach,  Charles  G.  1  pam. 
Eckel,  Edwin  C.    1  pam. 
Eng.  News  Pub.  Co.  267  pam.,  81  bound  vol. 
Engrs.  Club  of  St.  Louis.    5  pam. 
Erie,  Pa.,  Commrs.  of  Water- Works.  1  pam. 
Erie  R.  R.  Co.    4  pam. 
Ferro  y  Zea,  Ernesto.    1  pam. 
FItchburg.  Mass  ,  Water  Commrs.    1  pam. 
Flad,  Edward.    6  pam. 
Fla.  R.  R.  Comm.    2  bound  vol.,  8  pam. 
Fort  Worth,  Tex.,  Water- Works,    o  pam. 
Fox,  W.  G.    1  bound  vol. 
France-Direction  des    Phares   et  BaUses. 

1  pam. 
Gay,  Charles  W.    1  pam. 
Geological  Surv.  of  N.  J.    1  bound  vol. 
Ga.  R.  R.  Comm.    ipam. 
Gloucester,  Mass.,  Water  Dept.    1  pam. 
Grand  Trunk  Ry.  Co.  of  Canada.    8  pam. 


Great  Britain-Patent  Office.    2  voL,  8  pam. 

Hamilton,  Ont.,  Water- Works.    1  pam. 

Harrod,  B.  M.    8  pam. 

Haverhill,  Mass.,  water  Board.    8  pam. 

Hawley,  W.  G.    Ipam. 

Holyoke,  Mass.,  water  Board.    1  pam. 

Humphrey,  Richard  L.    1  pam. 

Hunt,  Chas.  Warren.    8  pam. 

HI.  R.  R.  and  Warehouse  Comm.    2  bound 

vol. 
Indian  Eng.    1  bound  vol.,  28  nos. 
Indian  Mioland  Ry.  Co.,  Ltd.    1  pam. 
Ind.  Auditor  of  State.    10  pam. 
Inst,  of  Civ.  Engrs.    8  pam. 
Inst,  of  Junior  Engrs.    1  bound  voL 
Inst,  of  Mech.  Engrs.    1  pam. 
Iowa 'Board  of  R.  R.  Conunrs.  4  bound  voL 
Iowa  Executive  Counsel.    14  pam. 
Iron  and  Steel  Inst.    1  bound  vol. 
Japan  imperial  Earthquake  Investigation 

Com.    1  pam. 
Jersey  City,  N.  J.,  Board  of  Street  and 

Water  Comm.    7  pam. 
John  Crerar  Lib.    1  pam. 
Johnstown,     N.     Y.,     Board    of   Water 

Commrs.    1  pam. 
Joliet,  111.,  Water  Dept.    8  pcun. 
Kansas  City,  Mo.,  Water  Dept    8  pam. 
Kirkpatrick,  W.  Q.    1  pam. 
Koninklijk  Inst,  van  Ingenleurs.    1  pam. 
I^afayette  Coll.    8  pam. 
Leisen,  T.  A.    1  pam. 
Leominster,  Mass.,  Water  Board.    8  nam. 
Liverpool,  Eng.,  water- Works.    8  bound 

vol. 
London,  Ont.,  Board  of  Water  Commrs.  15 

pam. 
La.  R.  R.  Comm.    8  bound  voL 
Lowe  Brothers  Co.    1  pam. 
Lowell,  Mass.,  Water  Board.    1  pam. 
Lynn,  Mass.,  Water  Board.    2  pam. 
McGiUColi.    1vol. 
McKeesport,   Pa.,   Board  of  Water  and 

Lighting  Commrs.    7  ^m. 
Madison,  wis..  Board  of  Water  Commrs. 

1  pam. 
Maiden,  Mass.,  Water  Commrs.    1  pam. 
Manchester,     N.     H.,    Board    of   Water 

Commrs.    16  pam. 
Manistee  &  North-Eastem  R.  R.  Co.  Ipam. 
Marlborough,    Mass.,    Board    of     water 

Commrs.    Ipam 
Mass.  Board  of  R.  R.  Commrs.  1  bound  vol. 
Medford,  Mass.,  Water  Commrs.    2  pam. 
Melrose,  Mass.,   Public  Works  Dept.    17 

pam. 
Mexican  Central  Ry.  Co.    2  pam. 
Michigan  Central  R.  R.  Co.    1  pam. 
Michiran  Commr.  of  Railroads.    10  bound 

vol. 
Middletown,     Conn.,    Board    of     Water 

Commrs.    1  pam. 
Minneapolis  &  St.  Louis  R.  R.  Co.     1  pam. 
Minn.  R.  R.  and  Warehouse  Commrs.    4 

bound  vol.,  4  vol. 
Miss.  R.  R.  Commr.    2  pam.,  1  bound  vol. 
Miss.  River  Comm.    2  pam. 
Mo.  R.  R.  and  Warehouse  Dept.    6  bound 

vol. 
Morison,  George  S.    8  pam. 
Municipal  Journal  ana  Engineer.    6  nos. 
Myers,  C.  H.    9  bound  vol.,  4  vol..  a  pam. 
Nashville,  Chattanooga  &  St.  Louis  Ry.  Co. 

1  pam. 
National  Soc.  of  Sons  of  Am.  Revolution. 
1  bound  vol. 
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New  Bedford,  Mau.,  Water  Board.  1  pam* 

New  Brunswick,  N.  J.,  Water  Commrs.  1 
pam. 

New  England  Cotton  Mfrs.  Anoc. 
1  bound  vol. 

N.  J.  Dept.  of  State.    12  bound  vol., Opam. 

New  London,  Conn.,  Board  of  water 
Commrs.    1  pam. 

New  York,  Chicago  &  St.  Louis  B.  B.  Co. 
1  pam. 

New  York  Electrical  Soc.    8  pam. 

New  York  Section  Climate  and  Crop  Ser- 
vice.   1  no. 

New  York  State  Board  of  Health.  2  bound 

TOl. 

New  York  State  Weather  Bureau.    1  no. 
Newton  Citv  Engr.    1  pam. 
Norfolk  &  Southern  B.  B.  Co.    1  pam. 
Norfork.  Va.,  Water  Dept.    7  pam. 
North,  Edward  P.    4  bound  toI.,  8  vol.,  20 

N.  cTCorporation  Comm.    8  bound  vol. 

N.  Dak.  B.  B.  Commrs.    1  vol. 

North  of  England  Inst,  of  Min.  and  Mech. 

Engrs.    Ivol. 
Northampton,     Mass.,   Board    of    Water 

Commrs.    1  pam. 
Ockeison,  J.  A.    1  pam. 
Official  Journal  of  the  Jhtient  Office.  2  nos. 
OnioCommr.  of  Railroads  and  Telegraphs. 

8  bound  vol. 
Ohio  State  Board  of  Health.    2  bound  vol. 
Orr.  Alexander.    Ipam. 
Pacific  Coast  Co.    1  pam. 
Parsons.  Wm.  Barclay.    8  vols. 
Payne  Eng.  Co.    1  pam. 
Pennsylvania  Bureau  of  Bys.   11  bound 

vol.,  1  pam. 
Pennsylvania  Co.    1  pam. 
Pennsylvania  Lines  west  of  Pittsburg.    1 

pam. 
Pennsylvania  (Jniv.    8  bound  vol.,  5  vol.,  8 

pam. 
Pharr,  H.  N.    2  pam. 
.  Pittsburg  &  Western  By.  Co.    1  pam. 
Pittsburg,     Cincinnati,     Chicago   &    St. 

Louis  By.  Co.    1  pam. 
Piatt,  T.  C.    2  pam. 

Plymouth,  Mass.,  Water  Commrs.    21pam. 
Port     Huron,     Mich.,    Board   of   Water 

Commrs.    1  pam. 
Portland,  Ore.,  water  Com.    8  bound  vol., 

7  vol.,  1  pam. 
Providence  Pub.  Lib.    1  pam. 

B.  T.  B.  B.  Comnu*.    10  bound  vol.,  2  pam. 
Blchardson^eiunr  B.    1  bound  vol. 
Bichmond,  va.,  water- Works.    1  pam. 
Rigaeche  Indtutrie-Zeitung.    7  nos. 
Bockport.  Mass.,  Water  Commrs.    1  pam. 
Butland  B.  B.  Co.    1  pam. 
Buttan,  H.  N.    4  pam. 
St.  Joseph  &  Grand  Island  By.  Co.    1  pam. 
St.  Louis  &  San  Francisco  B.  B.  Co.    1 

pam. 
8t.  Louis,  Vandalla  A  Terre  Haute  B.  B. 

Co.    10  pam. 
Salem,  Mass.,  Water  Board.    18  nam. 
Sandusky,  Ohio,  Trustees  of  Water- Works. 

1  pam. 
Santa  F6,  Presoott  &  Phoenix  By.  Co.    1 

pam. 
Schenectady,    N.    Y.,    Board   of    Water 

Commrs.    1  pam. 
Seaboard  Air  Line  By.    1  pam. 
Sears,  A.  F.    1  bound  vol. 
Soc.  Beige  des  Ingdnleurs  et  dee  Industriels. 

8  pam. 

Soc.  des  Ingfinieurs  Clvils  de  France.  1 
voL 


Soc.  of  Arts.    48  nos. 

Soc.  of  Engrs.    1  bound  vol. 

Soc.  of  Naval  Architects  and  Marine  Engrs. 

1  bound  vol. 
SomerviUe,  Mass  ,  Water  Commr.    1  pam. 
Soper,  Oeorge  A.    1  pam. 
South  Bend,  Ind.,  Board  of  Pub.  Works.    1 

pam. 
S.  Dak.  Board  of  B.  B.  Commrs.    2  bound 

voIm  4  vol. 
South  Eastern  By.  Co.    2pam. 
Southern  California  By.  Co.    1  pam. 
Southern  Indiana  By.  Co.    1  pam. 
Southern  Pacific  Co.    1  pam. 
Southern  By.  Co.    1  vol., 2pam. 
Springfield,    111.,    Water-Works    Dept.    2 

pam. 
Springfield,  Mass.,  Water  Dept.    2  ^an. 
Springfield,  Ohio,  Board  of  Waterworks. 

1  pam. 

Sullivan,  John  G.    1  pam. 

Svenska  Teknologforeningen.    1  pam. 

Taunton,  Mass..  water  Conunrs.    20  v^m, 

Teknisk  Tidskrift.    4  nos,  ^^ 

Tekniek  Ugeblad.    1  no. 

(Den)    Tekniske   Foreninga  Tidsakrift    2 

bound  vol.,  1  no. 
Terre  Haute  Si  Indianapolis  B.  B.  Co.    1 

pam. 

Terre   Haute  &  Logansport   By.  Co.    1 

pam. 
Texas  &  ^Pacific  By.  Co.    1  pam. 
Texas  Central  B.  B.  Co.    1  pam. 
Thacher,  Edwin.    1  pam. 
Thompson,  Bobt.  A.    1  pam. 
Tokyo  Imperial  Univ.    1  vol. 
Toledo,  Ohio,  Board  of  Water- Works.    1 

pam. 
Toledo,  St.  Louis  &  Western  B.  B.  Co.    1 

pam. 
U.  B.  Bureau  of  Statistics.    1  boimd  vol. 
U.  8.  Chf .  of  Engrs.    2  bound  vol 
U.  S.  Coast  and  Geodetic  Surv.    2  bound 

vol. 
U.  S.  Dept.  of  State.    1  vol.,  1  bound  vol. 
U.  S.  Geological  Surv.    8  bound  vol.,  185 

maps,  1  pam. 
U.  S.  Interstate  Conuneroe  Comm.  8  bound 

vol. 
U.  S.  Naval  Observatory.    1  bound  vol. 
U.  S.  War  Dept.    14  Specif.,  «  pam. 
U.  S.  Weather  Bureau.    2  pam.,  10  nos. 
Univ.  of  HI.  Agricultural  Exper.  Station. 

8  pam. 
Univ.  of  Texas  Mineral  Surv.     2  pam. 
Yerein  deutscher  Eisenhfittenleute.  1  pam, 
Yemon-Harcourt,  L.  F.    1  bound  vol. 
Yictoria  Water  Supply.    1  pam. 
Ylctorlan  Inst,  of  Surveyors.    2  bound  voL 
Waddell,  Montgomery.    2  bound  vol. 
Walt,  Jol^n  C.    1  nam. 
Ware,  Mass.,  Watv  Commrs.    15  pam. 
Webster,  G.  S.    3  bound  vol. 
Wellington,  N.  Z.,  Harbor  Board.    1  pam. 
West  Jersey  &  Seashore  B.  B.  Co.    8  pam. 
Western  Soc.  of  Engrs.    2  pam. 
Weston,  Bobert  Spurr.    1  pam. 
Wilmington,  DeL,  water  I%)t.    1  pam. 
Winchester,  Mass.,  Water  Board.    1  pam. 
Wlsner,  Geo.  Y.   1  pam. 
Wobum,  Mass.,  Board  of  Public  Works. 

20  pam.,  1  vol. 
Worcester,  Mass^  Water  Conunr     11  pam. 
Wrightsville  &  Tennille  B.  B.  Co.  0  pam. 
Yamaguchi,  J.    2  pam. 
Youngstown.  Ohio,  Water-Works.    1  pam. 
Zanesville,  Ohio,  Trustees  of  Water- Works. 

2  pam. 

Unknown  donor.    1  pam. 
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Electromas:net8 :    their   Design  and   Construction.     By   A.   N. 

Mansfield.    New  York,  D.  Van  Nostrand  Co.,  1901. 

Handbucli  der  elelctrisclien  Beleuchtung.  Bearbeitet  von  Josef 
Herzog  nnd  Clarence  Feldmann.  Zweite  vermehrte  Auflage.  Berlin,, 
Jnlins  Springer;  Miinchen,  B.  Oldenbonrg,  1901. 

Die  Tlieorie  dee  Bleiacaimulators.  Yon  Friedrich  Dolezalek. 
Halle  A/S,,  Wilhelm  Knapp,  1901. 

Torpedoes  and  Torpedo-Vessels.  By  G.  E.  Armstrong.  Second 
Edition,  Berised.    London,  Oeorge  Bell  and  Sons,  1901. 

Branctien-Ausgabe  des  51dzzenbuchs  fiir  den  pralctischen   Ma- 

schinen-Gonstmctenr.  Ein  Hilfsbnch  fiir  Technikcr,  sowie  fiir  Schiiler 
technischer  Liehranstalten.  Heransgegeben  yon  W.  H.  Uhland.  19* 
vol.    Dresden,  Gerhard  Kiihtmann,  1890-99. 

Ctiaudieres  Marines ;  Cours  de  maclilnes  a  Vapeur  Professe  a 

r£cole  d* Application  dn  Gtenie  Maritime.  L.  E.  Bertin.  Denxi^me 
£dition.     Paris,  E.  Bernard  et  Gie,  1902. 

Tlie  Indicator  HandlM>olc :  a  Practical  Manual  for  Engineers.  By 
Charles  N.  Pickworth.  2  vol.  Manchester,  Emmott  and  Co.,  Lim- 
ited; New  York,  D.  Yan  Nostrand  Go. ;  Melbourne,  G.  Robertson  and 
Son,  1898-1901. 

Kondensation.  Ein  Lehr-  und  Handbuch  iiber  Eondensation  und 
alle  damit  zusammenhangenden  Fragen,  auch  einschliesslich  der 
Wasserruckkiihlung.  Fiir  Studierende  des  Msschinenbaues,  Lige-^ 
nieure,  Leiter  grosserer  Dampfbetriebe,  Ghemiker  und  Zuckertech- 
niker.     Yon  F.  J.  Weiss.     Berlin,  Julius  Springer,  1901. 

Power  and  Power  Transmission.  By  E.  W.  Kerr.  New  York,. 
John  Wiley  &  Sons;  London,  Chapman  &  Hall,  Limited,  1902. 

Atlas  off  Meteoroiogy.  A  Series  of  Over  Four  Hundred  Maps. 
Prepared  by  J.  G.  Bartholomew  and  A.  J.  Herbertson,  and  Edited  by 
Alexr.  Buchan.     Philadelphia,  J.  B.  Lippincott,  1899. 

Congres  International  de  Mecanique  Appliquee  Tenu  an  Conserva- 
toire National  des  Arts  et  Metiers  du  19  au  25  Juillet,  1900.  Rapports 
et  Seances.     3  vol.     Paris,  Gh.  Dunod,  1900. 

Qas  and  Puei  Analysis  ffor  Engineers.  A  Compend  for  Those  In- 
terested in  the  Economical  Application  of  Fuel.  Prepared  Especially 
for  the  Use  of  Students  at  the  Massachusetts  Institute  of  Technology. 
By  Augustus  H.  Gill.  Third  Edition,  Bevised  and  Enlarged.  New 
York,  John  Wiley  &  Sons;  London,  Chapman  &  Hall,  Limited,  1902. 

Qenie  Rural ;  Constructions  Rurales  et  Machines  Agricoles.  Par  J^ 
PhUbert.     Paris,  Gh.  Dunod,  1902. 
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The  National  Cyclopedia  of  Americaa  Blos:rapliy,  Being  the  His- 
tory of  the  United  States  as  Illastrated  in  the  Lives  of  the  Founders, 
Bailders,  and  Defenders  of  the  Bepnblio,  and  the  Men  and  Women 
Who  are  Doing  the  Work  and  Moulding  the  Thought  of  the  Present 
Time.  Edited  by  Distinguished  Biographers,  Selected  from  Each 
State,  Beyised  and  Approved  by  the  Most  Eminent  Historians, 
Scholars,  and  Statesmen  of  the  Day.  II  Vol.  New  York.  James  T. 
White  &  Company,  1898-1901. 

Trow '8  Buslneaa  Directorv  of  Greater  New  York  (Five  Boroughs 
Combined),  1902.  Arranged  by  Boroughs  and  Containing  the  Names 
of  All  Business  Persons,  Firms  and  Corporations  Classified  Under 
Approximate  Headings  Which  Are  Fully  Indexed.  Also  Street 
Directories  of  the  Boroughs  of  Manhattan,  Bronx  and  Brooklyn. 
VoL  5.  Trow  Directory,  Printing  and  Bookbinding  Co.,  New  York, 
1902. 

Trow's  Qeneral  Directory  off  the  Borougha  of  Manimttan  and 
Bronx,  City  of  New  York,  for  the  Year  Ending  July  1,  1903.  Trow 
Directory,  Printing  and  Bookbinding  Company,  1902. 

The  United  States  Public  Works.  Containing  a  Summary  of  the 
Methods  of  Construction  and  Character  of  Materials  and  Plant  Used 
in  Public  Works  under  the  Charge  of  the  War  and  Treasury  Depart- 
ments, and  of  the  Commissioners  of  the  District  of  Columbia,  Includ- 
ing Works  of  Biver  and  Harbor  Improvement,  Buildings  at  the  Posts 
of  the  United  States  Army,  Light  Houses,  Public  Buildings,  Life  Say- 
ing Stations,  and  Works  of  Municipal  Engineering  of  Washington,  D. 
C;  also  of  the  Laws,  Regulations  and  Forms  Prescribed  for  the 
Conduct  of  Such  Works;  and  a  Directory  of  the  United  States  Agents 
in  Charge  of  These  Works,  and  of  Contractors  for  Them,  also  of 
Manufacturers  of  and  Dealers  in  Machinery,  Materials,  and  Mis- 
cellaneous Supplies  Used  in  the  Construction  of  the  Works.  By 
W.  M.  Black,  M.  Am.  Soc.  C.  £.  New  York,  John  Wiley  and  Sons, 
1895. 

Report  of  the  Committee  Appointed  by  the  Board  of  Trade  to  En* 

quire  into  the  Vibration  Produced  by  the  Working  of  the  Tnuffic  on 
the  Central  London  Bailway,  Presented  to  Both  Houses  of  Parliament 
by  Command  of  his  Majesty.  With  Appendices.  London,  Wyman  and 
Sons,  Limited,  1902. 

Die  Qeachlchte  des  BIsena  In  technischer  und  kulturgeschlcht- 

licher  Beziehung.  Yon  Ludwig  Beck.  Vol.  1-4,  5,  pts.  1-6.  Braun- 
schweig, Yieweg  und  Sohn,  1891-1902. 

Lehrbuch  der  Mauerwerka-Konstruktionen.  Von  Ludwig  Debo. 
Hannoyer.  Qebriider  Janecke,  1901. 

Procedeis  et  Mateirlaux  de  Conatructlon.  Par  A.  Debauve.  6  yoL 
Paris,  Ch.  Dunod  t  P.  Vicq.,  1894. 

L' Alimentation  en  Ban  et  rAssalnlssement  des  Vllles.  Compto 
Bendu  des  Demiers  Progr^s  et  de  r£tat  Actuel  de  la  Science  sur 
ces  Questions.  Par  Ed.  Imbeaux.  2  vol.  Paris,  Bernard  et  Cie.,. 
1902. 


232  AOOB88IONB  TO  THB  LIBBABY.  [Society 

Distributions  d'Bau;  Bgouts.    Par  A.  Debauve.    3  vol.    Paris,  P. 
Vicq-Danod  et  Cie.,  1897. 

The  Oraphical  Solution  off  Hydraulic  Problems,  Treating  of  the 

Flow  of  Water  through  Pipes,  in  Channels  and  Sewers,  oyer  Weirs,  etc 
By  Freeman  C.  Coffin,  M.  Am.  Soc.  C.  £.  Second  Edition,  Revised  and 
Enlarged.  New  York,  John  Wiley  &  Sons;  London,  Chapman  and 
Hail,  Limited,  1901. 

Ober  Wasserkraftverhaltnisse  in  Skandinavien  und  im  Alpenge- 

biet.    Von  Prof.  Holz.    Berlin,  Wilhelm  Ernst  &  Sohn,  1901. 

Le  Ciment  (to  complete  set).    6  vol. 

The  Electrician  (to  complete  set).    11  nos. 

The  Manufacturer  and  Builder  (to  complete  set).    4  vol. 

Nouvelles  Annales  de  la  Construction  (to  complete  set).     4  voL 
10  nos. 

Portefeuille  ^onomique  des  Machines  (to  complete  set).     19  vol. 

Zeitschrift  ftir  Bauwesen  (to  complete  set).    62  voL    12  nos. 

SUMMARY  OP  ACCBSSIONS. 

From  May  7th  to  August  5th,  1902. 

Donations  (including  61  duplicates  and  137  numbers  completing 

volumes  of  periodicals) 1  337 

By  Purchase  (including  oS  numbers  completing  volumes  of 

periodicals) 190 

Total 1  527 
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MEMBERSHIP. 


ADDITIONS. 


BaK»,  CHABUC8  HiNOKLIBT.  M^SbSrShlp. 

Prefl^  Mgr.  and  Chf.  Engr.,  Suoqualmie  Palls  Power  Co., 
Seattle,  Wash  jnne     4,1902 

OaBPENTJSB,  ObOBOB  A17SBL, 

City  Engr.,  Masonio  Temple  Bldg.,  Pawtncket,  R.  I May     7,  1902 

Ojaaxk,,  Chablbs  Hbnbt, 

Chf.  Engr.,  Utioa<fc  Mohawk  Valley  By.  Co.     (Bes.,  33 
MilgateSt.)  Utica,  N.  Y May     7.1902 

■CUNNINOHAM,  AndBBW  OsWAXJ), 

Contr.  Mgr.,  American  Bridge  Co.,  418  Chamber  of  Com- 
merce Bldg,,  Cleveland,  Ohio Feb.    5,  1902 

I>KLAJSO,  FbBDBBIC  AdBIAM, 

Gen.  Mgr.,  C,  B.  A  Q.  By.  Co.,  209  Adams  St,  Chicago. 

^ June    4,  1902 

£iiXBT,  Jaicbs  Axabbt, 

Mgr.  of  Constr.,  Birmingham  By.,  Light  &  Power  Co., 

2104  First  Aye..  Birmingham,  Ala June    4,1902 

FBMDAIiL,  BbNJAMIN  TbUHAN. 

City  Engr.,  City  HaU,  Baltimore,  Md May     7,1902 

'GOODNOUGH,  XaHTHUS  HbNBT,  / 

Chf.  Engr.,  State  Board  of  Health,  Room  140,  J  ^**®°-  ^'    ^^^     ^»  ^^^ 
State  House,  Boston,  Mass (^-  ^^^^     4,1902 

<70TBHAIJi,  WtLLUM  ChABLBS, 

Pres.  and  Chf.  Engr.,  New  York  &  Port  Chester  B.  R.,  76 

WilliamSt.,  New  YorkCity May     7,  1902 

fiiix,  Hbbby  Abthub, 

Asst.  Engr.,  Metropolitan  Park  Comm.,  14  Beacon  St., 

Boston,  Mass May     7,  1902 

Habbib,  Stbpbbn, 

Asst.  Engr.,  Philadelphia  &  Beading  By.  Co.,  Room  002, 

Reading  Terminal,  Philadelphia,  Pa June    4,  1902 

HowBLLs,  Juuns  Mbbbiaic, 

401DoQglas  Blk.,  Los  Angeles,  Cal June    4,  1902 

In  GALLS,  OWBN  LOYBJOT, 

Insp.  of  Plumbing,  District  Bldg.,  Washing-  (  Jun.  Mar.  5,  1890 

ton,  D.  C (M.  June  4,  1902 

Itbs,  Abthub  Stanlbt,  r  Jun.  Jan.  7,  1896 

CiT.  and  Elea  Engr.,  R.  D.  Wood  &.  Co.,  400  •!  Assoo.  M.  Jan.  3, 1900 

Chestnut  St.,  Philadelphia,  Pa ( M.  May  7,  1902 

Jaoomb  Hood,  John  Wibbbax, 

Chi  Engr.,  London  So  South  Western  Ry.,  Waterloo 

Bridge  Station,  London.  S.  E .,  England Feb.  5,  1902 

JLXHHBDT,  JbbBMIAB  JoSIPH, 

62  Broadway,  New  York  City June    4,  1902 
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n.  8.  Sarr.,  3d  Dist,  Mifls.  Biver  Comm.,  GreoiTille, 


June    4,1902 

MoGkBW,   AinMlH  BUBUHOAXB, 

AsstEngr.,  Ffttsbaig,  Cainegie  A  Western  B.  B.,  BeATer, 

Pfc June    i.  19(» 

NxBKE,  CijAbbiigb  Bofds, 

a09  GommiBsioner  St.,  Boom  15,  Montreal,  Qae.,  CuiadA.    June    4,  1902- 
O'Shavobrbst,  IfffOHAigi  ILlubigb, 

191  Crocker  Bldg.,  Sui  FxaoeiBOO,  ObI June    4, 190& 

BuTL;^   GoMliQDOBB  PXBBT, 

(Bitebie  &  Bnple,  Civ.  uid  Cons.  Engn.),  413  Chamber  of 

Commerce  Bldg.,  CleTeland,  Ohio liueh  5,190ft 

SsDOCBOH,  Feangd  Clciton, 

U.  S.  Assi.  Engr.,  Lake  Surrey,  Custom  House,  Ogdens> 

burg.  N.  Y May     7,1902 

Smxtu,  Auoubtus, 

Engr.  and  Conir.,  39  Cortlandt  St.,  New  York  City. June    4,  1902 

SPTKBMEIBTMi,  AXK€SU>  HBOOr, 

306  Washington  ATe.,  Albany,  N.  Y June    3,190ft 

Tdtmahh,  Ono  Huoabd, 

Supt.,  U.  S.  Coast  and  Geodetic  Surrey,  Washington,  D.C.    June    4, 190ft 

TOLUKOKB,  EnWASn  CHJJOkLKB, 

IT.  S  Asst  Engr.,  Mjss.  Birer  Comm.,  GreenTille,  Miss..    June    4, 190ft 
TuTwnjEE,  Thomas  Hsmx, 

1500  Giand  Are.,  Kansas  City,  Mo June    4,190ft 

WncBx;  Juuna  Ctaarnks, 

Chf.  Engr.  and  Contr.,  Centnl  DiT.,  Nicaragua  B.  R, 

Managua,  Nicaragua Feb.     5.190ft 

WontifAn,  JoHV  WnxiAK, 

Bea.   Engr.  DHnois  and  Missiasippi  Canal,  ( Assoc.  M.    May      1, 1095 
Sheffield,  m. ]  M.  May      7,190ft 


AxMXZAOs;  Gnonas  WAsauaTUH, 

Taoon  3,  HaTana,  Cuba April    2,190ft 

Bakkb,  Hbxxt  EnsKm, 

Watertown,  N.  Y May      7, 190k 

BAnni,  Jobs  Edwin, 

With  American  Bridge  Co.,  Pittsburg,  Pa June    4.1902 

Boan,  LouB  Edwabd,  i  Jnn.  April  30, 1895 

547  Hale  Atcl,  ATondale,  Cincinnati,  Ohio. ...  1  Assoc  M.    June    4,  1902 
Bnowviifo,  GnonoK  Eluot, 

Chf.  Engr.,  Cochin  Gor't,  Bose  Bank,  Trichur,  South 
India Mny      7,1902 


Asst.  Engr.,  Dept  of  Sewera,  Tacon  3»  Havana,  Cuba June    4»  190ft 
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Date  of 
CoiiLiMs,  Clabxb  PUiBo,  Membertblp. 

519  Napoleon  St.,  Johnstown,  Pa June    4,  19Q2 

Eddt,  Habbibon  Pbbbgott, 

Sapt.  of  Sewen,  11  Dean  St,  Woroestar,  Mass May     7,  1903 

OowBiSonnai,  .    ^  .,     ^      ^^      ,     .„     jjun.  May     2.«1899 

NoBXiS,  Fbkdbbiok  Ohabubb, 

Asst  Engr.,  Bapid  Transit  Gomm.,  Care,  A.  Noble,  501 

West  190th  St.,  NewTork  City Jane    4,  1902 

Obr,  AtiBtawobb,  ( J  J  A,  loni 

Sapt,    Gloversville  Water-Works,   Glovers- ■<  .     '    ..     _,  ,  ®    c*  mn^ 
...  ^,  ^  i  Assoc.  M.    Feb.     5,  1902 

ville,  N.  Y I 

BOBXBTSON,  MaBSHATiTi  PoFB, 

Member,  State  Board  of  Engrs.  of  La.,  225  Carondelet  St. 

NewOrleanfi,  La March  5,  1902 

^uoouES,  Chablbs  Abnsb, 

Mgr.,  New    York  Office,    Golnmbian  Fireproofing  Ck>., 

1  Madison  Ave.,  New  York  City Jnne    4,  1902 

43CAMMELL,  John  KngBATX. 

Asst  Engr.,  Public  Works  Dept.  of  Canada,  Box  321,  St. 

John,  N.  B.,  Canada June    4,  1902 

^Skaton,  WnxiAH,  Jr. 

Care,  C.  W.  Hunt  Co.,  45  Broadway,  New  York  City June    4,  1902 

Sfoivobd,  Chabues  Milton, 

Lifltructor  in  Ciy.  Eng.,  Mass.  Inst  of  Tech.,  Boston, 

Mass June    4,  1902 

Tait,  Habold, 

Asst.  Engr.,  Dept.  of  Sewers,  Borough  of  Queens,  Hack- 

ettBldg.,  Long  Island  City,  N.  Y May     7,  1902 

Tbaykx,  Wabbbn  Bbbtbam,  J  j^  3^^  ^^g 

Care.^C.  W.  Hunt  Co.,  West  New  Brighton,  -j  ^^  ^     ^^^     g^  ^^ 

^OLF,  JuiJUB  Hbbxan  Geobob, 

Jnn.  Asst.  U.  S.  Eogr.,  Boom  92,  Flood  Bldg.,  San  Fran- 
cisco, Cal May     7.1902 

ASSOCIATES. 

OoPKLAND,  William  Boqebs, 

1904  Green  St.,  Philadelphia,  Pa ,     Feb.     4,  1902 

Hennbbsbt,  Chablbs  Fbanois  Asa, 

948  Park  Ave.,  New  York  City Jan.     7,  1902 

Saltbnbach,  Hbnbt  JiTLins, 

Secy,  and  Treas  ,  Fleischmann  Mfg.  Co.,  Peekskill  (Bes., 
Park  Hill,  Yonkers),  N.  Y June    3,  1902 

lilBBMANN,  AlTBED, 

58  West  58th  St,  New  York  City June    3,  1902 

XjOWb,  Houston, 

Vice-Pres.,  Lowe  Bros.  Co.,  Dayton,  Ohio June    3,  1902 
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Date  of 
Membenhlp. 

Mann,  John  Labot,  ( Jan.  Apr.  2, 1901; 

Hanover,  N.  H.. |  Assoc.  May  6,  lW5t 

Btovdu,  Johh  BtJBTOH,  I  Mar  6  1900- 

Roadmaster.  Ghioago  &  Northwestern  By.,  -[  ^     '  «   '  ** ,«««, 

M-on  0«y.  low. l^-«^-  ^^  ^^^ 

nnfioBs* 

BSIX,  BSBTBAND  FaUOKBSS, 

Oare,  Farmers'  Loan  &  Trust  Co.,  22  William  St.,  New 

TorkOity June    8.  19(» 

OoBB,  Samusl  Aluen, 

Muskogee,  Ind.  T June    8, 1902 

LiTXf o,  Fbamk  Babn  Shumx, 

Oare,  Bessemer  A  Lake  Erie  B.  B.,  Greenville,  Pa Apr.     1, 1902 

Wbnzgb,  Abthub  Eioi*, 

Asst.  Engr.,  Second  DIt.,  Bapid  Transit  B.  B.  Oomm., 
147  Golnmbus  Aye.  (Bes.,  2i4  East  86th  St.),  New  York 
Oiljy May    6,  190» 

CHANOeS  OP  ADDRESS. 


AUiSN,  ExxniSTB .Engr.  and  Supt.,  Water  Dept.,  Atlantio 

City.  N.  J. 
AffiiVTOH,  Thoicas Supt.  of  Constr.  of  Public  Bldgs.,  Ores- 

ton,  Iowa 

AuoHiNoiiOss  William  S Atlantic  Highlands,  N.  J. 

Babb,  Jacob  Nxft Gen.  Supt ,  Chicago,  Milwaukee  A  St» 

Paul  By.  Co..  335  Old  Colony  Bldg.^ 

Chicago,  ni. 
Belldvobb,  Ltlb  Fbkdbbigk Civ.  Engr.,  U.  S.  N.,  U.  S.  Navy  Yard, 

Brooklyn,  N.  Y. 
Buck,  Biohabd  Sutton Care,  Dominion   Bridge  Co.,  Lachin» 

Locks,  Que.,  Canada. 

Chasb,  William  Bbybblt 154  East  18th St.,  Portland,  Ore. 

Child,  Stbphbn Hyannisport,  Mass. 

CoLKMAN,  John  Fbangib (Coleman  &  Maloch^e.  Cons.  Engrs.),. 

1109  Hennen  Bldg.,  New  Orleans,  La. 

CovoDB,  Jambs  Hbnbt 1913  Pacific  Ave.,  San  Francisco,  CaL 

CuBTiB,  Waltbb  Whalbt Cous.  Engr.,  324  Oearbom  St.,  Boom 

650,  Chicago,  lU. 
OoBHiNO,  William  Channino Supt,  Pennsylvania  Lines,  1013  Penn 

Ave.,  Pittsburg,  Pa. 

Davis,  Chandlbb 5  West  89th  St.,  New  York  City. 

DB  Vabona.  Ionaoio  Mab£a Chf.  Engr.,  Dept.  of  Water  Supply, 

Gas   and   Electricity,    Boroughs    of 

Brooklyn   and    Queens,    Municipal 

Bldg.,  Brooklyn,  N.  Y. 
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I>(moYAM,  GoBMXLins. Aiist.  Engr.,  U.  S.  Engr.  Offloe,  Oudtom 

Honse,  New  Orleans,  La. 
DuKOKUB,  John  Botubb Giv.  and  Gone.  Engr.,  170  Broadway, 

New  York  City. 

FxiGR,  Ohablbs  LnrooLK 253  Throop  Ato.,  Brooklyn,  N.  T. 

Fi.^00,  JoaiAH  FosTMB Oare,  Maurice  Lindsay,  Tenafly,  N.  J. 

FowZiCB,  Chablbs  Etan Pres.    and   Obf.    Engr.,  Paget  Sound 

Bridge  ft  Dredging  C!o.,  Scandinavian- 

American  Bank  Bldg.,  Seattle,  Wash. 
Fbaxgis,  GxoBOs  BiiDm Care,  Westinghonse,  Gfanrch,   Kerr  ft 

Go.,  26  GorUandt  St ,  New  York  Gity. 

GsBEm,  Edwabd  Apflstoh 205  Mozahala  Aye. ,  ZanesTille,  Ohio. 

GBiini,  GABii  RoBBXT 003  Gamegie  Hall,  New  York  Gity. 

Hablow,  Jaxbb  Haxwabd (James  H.  Etarlow  ft  Go.,  Gons.  Engrs.), 

701  Wood  St.  Wilkinsbnrg,  Pa.  (P.  O. 

Address,  Station  D,  Pitttfbnrg,  Pa.) 

Habbisom,  Ohablbs  Lbwib 226  West  33d  St,  New  York  Gity. 

Hatbs,  SxABiiBT  Woloott EngT.  in   Gbg.,  B.,  A.  ft  S.  By.,  for 

Westinghoose,  Ghnroh,  Kerr  ft  Go.« 

Genera,  N.  Y. 

Hatt,  Stbphbii  Thubstom,  Jr Snpt.,  Barclay  B.  B.  Co.^  Towanda,  Pa. 

HowBLL,  Fbamsubt  Datzmpobt,  Jr GIy.  and  Gontr.  Engr.,  P.  O.  Box  651, 

Los  Angeles,  Gal. 
HuBBT,  Edwabd  Hbnbt 16  Gonnanght  St.,  Hyde  Park,  London, 

W.,  England. 

Itbs,  Edwabd  Bkbnabd War  Dept.,  Washington,  D.  G. 

Kabbisoha,  Sbbqb  db Prof,  of  the  Imperial  Inst,  of  Engrs.  of 

Ways  and   Gommnnication,     Zagor- 

odny  Prosp.,   No.    70,    Log.    4,    St. 

Petersburg,  Bnssia. 

LEFvniowBLL,  WxujAM  HowiiABD P.  O.  Box  433,  El  Beno,  Okla.  T. 

Lewis,  Eybbbtt  Wilson Asst.    Engr.,    Northern     Pacific    By.« 

Blackdnck,  Minn. 

liiNBB,  Ghablbs  Auoustimb P.  O.  Drawer  968,  Wilmington,  Del. 

NoBTON,  John  Taloott Thomastown,  La. 

Opdtxb,  Stacy  Bbowm,  Jr Dnnellen,  N.  J. 

Pbatt,  William  Abbott Engr.,  S.  I.  B.  T.  By.,  New  Brighton, 

N.  Y. 

Pbihgb,  Gbobob  Thomas 710  Gity  Hall,  Philadelphia,  Pa. 

Bobbbts,  Pebgital,  Jr 717  Arcade  Bldg.,  Philadelphia,  Pa. 

Bobinsoh,  Albbbt  Alonzo Pres.,  Mexican  Gentral  By. Go.,  Ltd.,  422 

Olive  St.,  St.  Louis,  Mo. 
Soott,  Ebnbst  Kat Gare,    HooTer    ft     Mason,    1425    Old 

Golony  Bldg.,  Ghicago,  111. 

Shakes,  Thomas  Pbabmak U.  S.  Asst.  Engr.,  Valley  View,  Ky. 

Sdd,  AT.irn«n  Vablbt WcDouda,  PittsyWania  Go.,  Va. 

Sntdeb,  Ghbistofhbb  Henbt 1314  Glaus  Spreckels  Bldg.,  San  Fran- 
cisco, Gal. 
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..  U.\i>>H  W\w«ix liftke  Charleg,  La. 

vy.ws   IV^ftVf Chf.Engr.'s  Office,  Mo.  Pao.  E.  R.»  St. 

Louis,  Mo. 
.*^v  Vikwvm  SiOTB Prin-   Asst.  Engr.,  Board  of  Estimate 

and  Apportionment,  City  Hall,  New 

York  City. 
\V  Vv*N«^  a^iroW'  Tobias Asst.  Engr.,   Philndplph^a   &   Beading 

Ey.  Co.,  W)2  Beading  Terminal,  Phil- 
adelphia, Pa. 
\\  iVMOM,  WnxiAM  Pabbons Asst.  Ener..  Oregon  Rhort  Line  B.  B. 

Co.,   571   Wcbi  oouih   Temple,   Salt 

Lake  City,  Utah. 

WsTBaBHX,  WizjJAM  Chattim 434  Equitable  Bldg.,  Denver,  Colo. 

WoBTHiMOiON,  OBABiiBS 244  South  Hiland  Ave.,  Pittsburg,  Pa. 

Ybatmam,  Pops Bandfontein  Estates  Gold  Mining  Co., 

Ltd.,  BandfoDtein,  Transvaal,  South 

Africa. 
ZoLUNOBB,  LuTHBB  Bbbss Asst.  Engr.,  P.  B.  E.,  Altoona,  Pa. 

ASSOOIATB  MXMBEBS. 

Adams,  Edwin  Gbiogs,  Jr (Adams   &   Knowles,  Cons.  Civ.    and 

Meoh.  Eogrs.),  No.  2,  The  Bund, 
Tientsin,  China. 

BAI4DWIN,  Ebmbbt  Howabd Oakdale,  Mass. 

BABNSiiBT,  Gbobqb  Thomas Asst  Eugr.  in  Chg.  of  Oonstr.,  Monon- 

gahela  Biver  Bridge  (Wabash  Sys- 
tem), 39  Second  Ave.,  Pittsburg 
(Bes.,  Oakmont),  Pa. 

Baum,  Geoboe Engr.  in   Chg.  of   Constr.   Buildings, 

L.  &  W.  v.  B.  B.  Co  ,  Old  Bail  Mill, 
Scran  ton,  Pa. 

Bell,  Alfbed  Cabboll. 653  Equitable  Bldg.,  Denver,  Colo. 

BoECKLiN,  Webnbb Passaic,  N.  J. 

Cleverdon,  Hbnby  Lawbence Chf.  Engr.,  Lansing,   St.  John  k  St. 

Louis  By.,  North  Dover,  Ohio. 

CoMSTocx,  ChabIjES  Wobthinoton.  . . . 76  Grant  Ave.,  South  Denver  Station, 

Denver,  Colo. 

Coombs,  Bobebt  Duncan,  Jr Chief  Draftsman,  B.  and  C.  Dept.,  Pa. 

Steel  Co.,  Steelton,  Pa. 

Cbbsson,  Benjamin  Fbaneun,  Jr 227  West  33d  St,  New  York  City. 

Fabquhab,  Henbt  Stilson 506  Hale  Bldg.,  Philadelphia,  Pa. 

Fabbinoton,  Habvet Cons.  Engr.,  115  Broadway,  New  York 

City. 

Fox,  Walteb  Gobdon Care,  McClintic*  Marshall  Constr.   Co. , 

Pittsburg,  Pa. 

Gbat,  Edward,  Jr  City  Hall,  Bichmond,  Ya. 

Gbeene,  Howard  AaNoiiD Erecting  Mgr.,  Am.  Bridge  Co.,  Pitts- 
burg, Pa. 
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Osofls,  Daxiel  WnvaiBD. Div.  Engr.,  Soheneotady  Ry.  Oo«,  Balls* 

ton  Lake,  Saratoga  Go.,  N.  T. 

Habdt,  HAikBT Botanical    Gardens,    Old   Oalabar,    8. 

Nigeria,  West  Africa. 

HABZiOw,  Jaiob  Hatwasi>»  Jr Conowingo,  Cecil  Co.,  Hd« 

Babtb,  Cbablbs  Rutub Terre  Haute  House,  Terre  Haute,  Ind. , 

Hawks,  Louis  Edwin Civ.  and  Hydr.  Engr.,  101  Tremont  St.» 

Boston,  Mass. 

Hawlbt,  GsoRon  Pbikos Fairmont,  Martin  Co.,  Minn. 

HawiiSt,  Williak  Chaunobt Engr.  and  Snpt.,  PennsyWania  Water 

Co.,  Wilkinsbnrg,  Pa. 

finsiNo,  WiLiiABD  E Locating  Engr.,    C,  O.  A;  O.  B.  B., 

Denison,  Tez. 

LKnmawxLL,  Fsams  Dodok Deputy  Commr.  of  Highways,  Harris- 
burg,  Pa. 

MoCAUSTLAim,  EuoBB  Jamxs Asst.  Prol  of  Civ.  Eng.,  Cornell  Univ., 

Ithaca,  N.T. 

Mn.T*ARP,  CbabijKS  Stbbuko Asst.  Engr.,   Care,  David  Sloan,  Chf. 

Engr.,  of  Constr.,  L  C.  B.  B.,  Chi- 
cago, m. 

Nkuon,  WnjjAM With  the  F&drbanks  Co.,  42  Pearl  St., 

Boston,  Mass. 

Pfkifeb,  Hkbman  Julius Engr.,  M.  of  W.,  Terminal  B.  B.  Asso- 
ciation of  St.  Louis;  St.  Louis  Mer- 
chants' Bridge  Terminal  By.,  206 
Union  Station,  St.  Louis,  Mo. 

PoLAKD,  WtLUAX  Baboook Div.  Eug.,   Pittsburg  Div.,  B.  k  O.  B. 

B.,  Iroquois  Apartments,  Pittsburg, 
Pa. 

Bacb,  Johk  Majiblx Housatonic,  Mass. 

BuassLL,  BicHASD  Loan 149  Ashland  PL,  Brooklyn,  N.  T. 

Stigknst,  Geoboe  Fsttbb Selma,  Ala. 

Stowe,  Haboij)  Claib (Clarke,     Wright    k     Stowe,     Contr. 

Engrs.),  232  Kent  St.,  Brooklyn, 
N.  Y. 

Thompson,  Clabx  WAUiAcs Vice-Pres.,  Wind  River  Lumber  Co., 

Cascade  Locks,  Ore. 

Thboop,  Augustus  Tboicpson. Mgr.,  A.  T.  Throop  k  Co.,  Cons,  and 

Contr.  Engrs.,  Erie  Co.  Bank  Bldg., 
Buffalo,  N.  T.  (Bes.,  706  Buffalo 
Ave.,  Niagara  Falls,  N.  T.) 

TJbquhabt,  Geoboe  Copxland Asst.  Real  Estate  Agt.,  Pennsylvania 

Lines  West  of  Pittsburg,  1104  Union 
Station,  Pittsburg,  Pa. 

YnxAiiON,  Jos&  Rakon Camp    Columbia,   No.   13,    Marianao, 

Cuba. 

Walxeb,  Joseph  Milton Chf.  Engr.,  Mahouiug  Valley  Ry.  Co. , 

Toungstown,  Ohio. 
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Wzoonf,  Thomas  Hoixn Oare,  Leonard  Metoalf,  14  Beacon  8t.» 

Boston,  Mass. 
WzoazMS,  WzujiK  D. £ngr.,  M.  of  W.,  Toledo  Div.,  PennsyU 

Tania  lines,  Toledo,  Ohio. 

WzLXM,  Jamss  Kmapp -Hotel MoDonongh,  Middletown,  Conn. 

WiLLUMS,  Ohablsb  Paob U.  8.  Engr.  Office,  New  London,  Conn» 

ZabbKjL,  Elmib Selma,  Ala. 

▲88001ATBB. 

Abbott,  Edwabd  Lobbnzo 71  Broadway,    Boom  612,  New  Tork 

Oiiy. 
Boora,  William  Fbbbis Cons.  Engr.,  Transit  Finance  Co.,  170 

Broadway,  New  York  City. 

DatUi  John  Woodbbidob 523  West  173d  St.,  New  Tork  City. 

Obabam,  William  Woodman Care,  American  Bank,  City  of  Mexico,. 

Mexico. 

LnfPBBBBBOBB,  Casstob  Howabd Defiance,  Ohio. 

PzPBB,  Albxandbb  Boss Capt.,  U.  S.  A.,  Betired,  85th  St.,  Bay 

Bidge,  Brooklyn.  N.  T. 
TcRBiLL,  Shbbmam  Maesh Inflp.,  Western  Div.,  N.  Y.  C.  A  H.  B» 

B.  B.,  Dresden,  N.  Y. 

jtjniobs. 

Bbbkmah,  John  Van  Dbbtbbb,  Jr....  101  TremontSt.,  Boston,  Mass. 

CioBBBS,  Simon  Noyelo Box  256,  National  City,  CaL 

Gambbon,  John  Bobbb Aast.  Div.  Engr.,  B.  A  O.  B.  B.,  Chilli- 

cothe,  Ohio. 

Ohadboubn,  William  Hobbs,  Jr U.  S.  Engr.  Office,  Wheeling,  W.  Va. 

OoBBiQAN,  Obobob  Washinoton Bes.  Engr.,  St.  Lonis,  Iron  Mountain 

A  Southern  Bailway,  Arkana,  Baxter 
Co.,  Ark, 

Obanb.  WillEdwin 18 Broadway,  Boom 803,  New  York  City. 

Enzian,  Chablbb 171  North  Franklin  St.,  Wilkesbarre,. 

Pa. 

Fabousson,  Mabk 236  West  45th  St ,  New  York  City. 

FoBD,  William  Hatdbn The  Beancalre,  Haddington,  Pa. 

GooDBiOH,  Ebnbbt  Paxbon Chf.  Engr.,  Bush  Terminal  Co.,  Coffee- 
Exchange  Bldg.,  HanoYer  Sq.,  New 
York  City. 

Gbatbs,  Wellabd  Fbankun Gen.  Mgr.  and  Treas.,  Le  Boeqnet  Coal 

A  Mining  Co.,  Hnghes,  Ind.  T. 

Howabd,  Ebnbbt  Emmanubl Care,  Waddell  A   Hedrick,    608   New^ 

Nelson  Bldg.,  Kansas  City,  Mo. 

MaoCbba,  Don  Albxandbb Care,  C,  O.  A  G.  B.  B.  Co.,  Guthrie,. 

Okhi.  T. 

MoFbtbidob,  William  Stjtton Care,  Little  Kanawha  B.  B.,  Parkers* 

burg,  W.  Va. 

ICbbz,  Lbon S.W.Cor.  Third  and  Brown  Sts.,  Phila- 
delphia, Pa. 
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HoKBABBiT,  NzoBOLAB  DAVBsmT Siipt.,  Kazuiwha    &  Hooking    Ck)al   k 

Coke  Co.,  Longaore,  W.  Va. 
MoBFHT,  Ltrm  Goitzaoa Boom  612,  Grand  Central  Station,  Ne^ 

York  City. 

KuTraB,  Chablbb  Hskbibt 190  West  118th  St.,  New  York  City. 

Batrob,  OLLBMKcm  WnsTKR Box  385,  EjAsas  City,  Mo. 

Bkxlli,  James  William U.  8.  Engr.  Depot,  Foot  of  Arsenal  St.,. 

St.  Lonis,  Mo. 
SPMicKB,  LoxTDi  BniiMABD Care,  Chf.  Engr.,  C,  C,  C.  A  St.  L» 

By.,  Cincinnati,  Ohio. 
Tbokpsov,  Wilvobd  Ashiobd 1641  Thirteenth  St.,  N.  W.,  Washington,. 

D.  C. 

TxuT,  GiBBR  Edwabo 688  Etist  26  th  St.,  Paterson,  N.J. 

Yak  BbazziB,  John  Oqdxh Depi   of  Docks  and  Ferries,  Pier  A, 

North  Biver,  New  York  City. 
Yak  Loak,  Skth  Mobton Asst.  Engr.,  Belmont  Filter  Phint,  2525 

Belmont  Ayc.,  Philadelphia,  Pa. 

Yak  Pbut,  SirrTOK Care,  IT.  S.  Engr.,  Demopolis,  Ala. 

Yak  Zilb,  Habbt  Lkb 410  West  End  Atc.,  New  York  City. 

Wblub,  Cumtok  Gudvoaibh City  Engr.,  City  Hall,  Galyeston,  Tex. 

Wbitnxt,  Thomas  Bbtan,  Jr 43  West  34th  St.,  New  York  City. 

Widdioombb,  Bobbbt  AxjBXAjn>KB Engr.  and  Snpt.,  Kroeschell  Bros.  Co., 

66  Erie  St.,  Chicago,  111. 
WiLQUS,  HsBBKBT  Sbdowigk Asst.  Engr.,  Track  Elevation,  P.,  Ft.  W. 

&  C.  By.,  Cor.  Layoock  and  Hopfr 

Sts.  (Bes.,  1206  Boyle  St.),  Allegheny, 

Pa. 

WnjjAKS,  BoGBB  BUTI.XB,  Jr 812  Monadnock  Blk.,  Chicago,  HI. 

YouMO,  HxNBT  Amzbicak 110  Bavine  Ave.,  Yonkers,  N.  Y. 

DEATHS. 
Blakb,  Edwabd  Josiah Elected  Member,  April  Sd,  1889;  died 

May  29th,  1902. 
Hobbt,  Abthttb  Staklxt Elected  Member,  June  6th,  1894;  died 

May  28th,  1902. 
HowB,  Mn^iON  Gbostknob Elected  Member,  October  16th,  1872; 

died  June  19th,  1902. 
Johnson,  John  Butlxb Elected  Member,  April  7th,  1886;  died 

Jnne  23d,  1902. 
liiNcoxiN,  WzUiiAic  Shattuok Elected  Member,  December  6th,  1883: 

died  May  16th,  1902. 
MiLNB,  Pbtbb Elected  Associate,  January  7th,   1896; 

died  June  9th,  1902. 
Shalsb,  Iba  AZiXXANDEB Elected  Junior,  July  4th,  1888 ;  Member 

June  6th,  1896;  died  June  29th,  1902. 
Tbicpub,  Bobbbt  Hbnbt. Elected  Member,  Biay  6th,  1886;  died 

December  23d,  1901. 
Wettiobd,  Osoab  F Elected  Member,  December  6th,  1871; 

died  May  2l8t,  1902. 
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MONTHLY  LIST  OF   RECENT  ENQINEERINQ  ARTICLES  OF 

INTEREST. 

(May  7th  to  August  5th,  1902.) 

Note. — TTiis  M  is pvJblished/ar  the  purpose  qf  placing  b^ore  ike  members 
(^  the  Society  (he  tities  qf  current  engineering  artides^  which  can  he  rrferred 
to  in  any  available  engineering  library y  or  can  he  procured  by  addressing 
the  publioatian  directly,  the  address  and  price  heing  given  wherever 
possible, 

UST  OP  PUBLICATIONS. 

In  the  subjoined  list  of  articles  r^erenoes  are  given  hy  the  number  pre- 
fixed to  each  journal  in  this  list. 


(I)  Journal.  Abboc.  Ens.  Soc.,i67  South 
Fourth  St.,  PhllaMlelphia,  Pa.,  ^Oe. 

<a)  Anooeedinot,  Eng.  Club  of  Phila.,  11» 
Glrard  St.,  Philadelphia,  Pa. 

(3)  Jowmal,  Franklin   Inst.,   Philadel- 

phia, Pa.,  60c. 

(4)  Jownial,  Western  Soc.  of  Eng.,  Mo- 

nadnock  Block,  Chicago,  III. 
<8)  Tran$aeti4>n»^  Can.  Soc.  C.  E.,  Hon- 

treaU  Que.,  Can. 
<6)  SdMol  of  Mines  QuarteHy,  Columbia 

UnlT.,  New  York  City,  50c. 

(7)  Teehnolomf  Qvarteriy^   Haas.    Inst. 

Tech.,  Boston,  Mass.,  75c. 

(8)  Sievent  Instttute  Indicator^  Sterens 

Inst.,  Hoboken,  N.  J.,  50c. 

(9)  Engineering  Magazine,   New  York 

City,  96c. 
<io)  OoMner^M  Magazine,  New  York  City, 

S6c. 
(II)  Bngineerina  (London),  W.  H.  Wiley, 

New  York  City,  86c. 
413)  IV  fiHKiMer  (London),  International 

News  Co..  New  York  City,  860. 

(13)  Engineering  JVe«r«,  New  York  City, 

15c 

(14)  The  Engineering  Record^  New  York 

City,  lac. 

(15)  HaUroad  Gazette,  New  York  City, 

10c 
<i6)  Engineering  and    Mining  Journal, 

New  York  CMty,  16c 
(17)  Street  RaiiKag  Journal^  New  York 

City.  a6c. 
(iS)  Raitwajf  and   Engineering   Review, 

Chicago,  iU.,  10c. 
119)  ScientijU: Awkerican Snnplement^'t^em 

York  City,  10c. 
(ao)  Iron  Age,  New  York  City,  10c 
(ai)  Hatitcay    Engineer,    London,    Eng- 

huia,  95c 
<aa)  Iron  and  Coal  Trades  Review,  Lon- 
don, England,  96c 
(a3)  BMlletin,  American  Iron  and  Steel 

ASSOC,  Philadelphia,  Pa. 
(a4)  Amterican    Oas  Ltght  Journal,  New 

York  City,  lOc 
<ag)  Amencan  Engineer,  New  York  City, 

aUc 
(a6)  Electrical  Review,  London,  England, 
(ayi  Elecrrical  World  and  Engineer,  New 

York  City.  10c. 
<aS)  Journal,  New  Kneland  Water- Works 

Assoc,  Boston,  $1. 


(30) 
(31) 


(35) 
(36) 

(39) 


(99)  Journal,  Society  of  Arts,  London, 

England,  16c. 
Annates   des    Travaux  Publies  de 

Belgique,  Brussels,  Belgium. 
Annates  de  V  Assoc,  des  Ing.  Sortie 

des  EcSle  8t>*ciales  de  Oatid,  Brus- 
sels, Belgium. 
(3a)  Mhnoires  et  Compte  Rendu  des  TrO' 

vaux,  Soc   Ing.   (Tiy.  de  France, 

Paris,  France. 
Le  G4nie  Civa,^Vasis,  France. 
Fort^euille    Economigue   des   Ma- 

chines.  Paris,  France. 
NouveUes  Annates  de  la  Construe 

ftOM,  Paris,  France. 
La  Revue  Technique,  Paris,  Prance. 
Revue  de  Micanique,  Paris,  France. 
Revue  G4nirale  des  Chemins  de  Fer 

et  des  Tramways^  Paris,  France. 
12aaiMiy  Master  Mechanic,  Chicago, 

ni.,  lOc. 

(40)  iia»li0ay^9e,  (^cagp,  IU.,10c. 

(41)  IfodemlfacAincry, Chicago.  IU.,10e. 
(4a)  TYansactions,  Am.  Inst.  Elec.  Kng., 

New  York  City,  50c 

(43)  Annates   des    Fonts  et   Chaussies^ 

Paris,  France. 

(44)  Journal.    ICilitary  Serrice    Instita- 

tion,  Qovemor*8  Island,  New  York 
Harbor,  50c. 

(45)  Mines  and  Minerals,  Scianton,  Pa., 

80c. 

(46)  Scientific  American,  New  Yoi^  (?ity, 

8c 

(47)  Mechanical  Engineer,    Hanchester, 

England. 

(S8)  Proceedings,  Eng.  Soc.  W.  Pa.,  410 
Penn  Ave.,  Pittsburg. Pa.,  50c 

(89)  Transactions,  Mining  Inst,  of  Soot- 
land,  London  and  Newcastle-upon- 
T^ne, 

(60)  Municipal  Engineering,  Indianap- 
olis, Ind.,  96c 

(6i)  Proceedings,  Western  Bailway  (3ub, 
295  Dearborn  St..  Chicago,  UL,  96c 

(6a)  Awnerican  Man^facturer  and  Iron 
WorkL  SO  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  InsL  C.  E., 

London,  Enirland. 

(64)  Power,  New  York  City,  90c 

(65)  Official  Proceedings,  New  York  Bail- 

road  Club,  Brooklyn,  N.  Y.,  15c. 

(66)  Journal  of  Oas  Lighting,  London 

England,  15c 

(67)  Cement  and  Engineering  Neu^,  Chi- 

cago, UL,  95c. 
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Bridgie. 

The  Qreat  Luxembourg  Arch,    (la)  May  8. 

Cable  Making  on  the  New  I£a8t  RiTer  Bridge.*    (ao)  May  8. 

Deflign  of  Ooncrete-Steel  Arch  Bridge.*    Daniel  B.  Luten.    (ij)  May  8. 

The  JLuzembourg  Bridge  from  the  View- Point  of  an  American  Designer  of  Maaonry 

Arch  Bridges.*    ( 13)  May  8. 
A  Heavy  Double-Track  Skew  Bridge.*    (14)  May  10. 

SIngle-Track  Flate-Girder  Railrcaa  Bridges  at  Richmond.  Ind.*    ( 14)  May  17. 
Allegheny  River  Bridge  and  Track  Elevation  at  Pittsburgh.*    ( 10)  May  98. 
Moving  the  Fort  Wayne  Bridge.*    ( 14 )  May  81 . 
Examples  ol  Bridge  Calculations,    (a  1 ) .  Serial  beginning  June. 
The  DiBtrfbution  of  Rivets  in  Iron  and  Steel  Bridges,    (ai)  Serial  beginning  June. 
Reinforcing  a  Railroad  Bridge  in  Service.*    (ia)  June  14. 
Bridge  over  the  MiasisBippi  River  at  Thebes,  111.*    (40)  June  90. 
TheDesirabllity  of  Usiiig  a  Single  Grade  of  Steel  for  Bridges.    ( 13)  June  96. 
Bascule  Bridge  at  Grand  Ave.,  Milwaukee,  Wis.*    (13)  Jmj  8;  (14)  July  18. 
Moving  the  Mew  Brunswick  Bridge.*    (40)  July  4;  (14)  July  6. 
The  Ohio  River  Bridge  at  Marietta,  Ohio.*    ( 15)  July  11. 
An  Important  Bridge  Renewal.*    (40)  July  11. 
Recent  Progress  in  American  Bridge  Construction.    Henry  S.  Jaooby.    (13)  July  17; 

(19)  Jul^lV. 
The  Royal  Alexandra  Bridge  at  Ottawa.*    H.  D.  Bush,  M.  Am.  Soc.  C.  E.    (15)  July  18. 
The  Westchester  Avenue  Rolling  Bridge,  New  York.*    (14)  July  90. 
Design  of  a  Concrete-Steel  Arch  Culvert.*   David  B.  Luten.    (15)  Aug.  1. 
Atude  de  la  Dtformation  Elaatique  dans  les  Fltees  Comprim6es  Horiaontales.*    E. 

Lebert.    (43)  lerTrimestre. 
Note  sur  le  Caicul  des  Arcs  M6talllques  Surbaisste  de  Section  Peu  Variable  Reposant 

sur  des  Clavettes  aux  Retombees.*   M.  L.  de  Boulongne  et  M.  Bedaux.    (43)  ler 

Trimestre. 
Note  sur  les  Calculs  de  Stability  des  Ponts  en  Arcades  du  Systtene  VierendeeL    Ed. 

Joyant.    (30)  Apr. 
Analyse  des  Observations  Faites  sur  Divers  Ponts  M6talllques  de  la  Compagnie  d* 

Orl6ans  au  Moyen  des  Appareils  de  M.  Rabut.    M.  Lanna.    (38)  Serial  beginning 

May. 
Notice  sur  la  Construction  de  Sept  Ponts  k  Poutres  Continues  sur  les  Canaux  de  Selsaete 

4  la  Mer  du  Nord  et  de  Derivation  de  la  Lys.    A.  de  Somer.    (30)  June. 
Fondations  par  Caissons  A  Air  Comprim6.*  Orimaud.  (36)  Serial  beginning  June  96. 

Electrical. 

Mechanical  Speed  Changing  Devices.    Driving  Machine  Tools  from  Constant  Speed 
Motors.    (98)  May. 


The  Electric  Motor  in  MiU  Work^   S.  S.  Wales.    (a8)  May. 

Norman  Wilson  Storer.    (g8) 
The  Use  of  the  Electric  Motor  in  Modern  Blast  Furnace  Plants.    Andrew  EUicott  'Mac 


Some  Characteristics  of  Direct  Current  Motors.    Norman  Wilson  Storer.    (nS)  May. 


ooun.    (58)  May. 

Electric  Equipment  in  Modem  Machine  Shop  Practice.    F.  B.  Duncan.    (58)  May. 
The  Karlsruhe  Electricity  Works.*    (a6)  May  9. 
The  Manufacture  of  Glow  Lamps.*    ( a6)  Serial  beginning  May  0. 
—    —----  -  -    -  ■-^^■^aslnatWi 


The  Electrical  Equipment  of  the  Experimental  Model  Basin  at  Washington  Navy  Yard.* 

J.  Adgar  McCrary.    (ay)  May  10. 
The  Genesis  of  Wireless Telegrapny.    A.  Frederick  Collins,    fay)  May  10. 


J.  Adgar  McCrary.    (ay)  May  10. 

i  Genesis  of  Wireless  Telegrapny.    A.  Frederick  Collins,    fay) 
The  Isolated  Plant  versut  the  Central  Station— Discussion  at  the  Chicago  Electrical  As 


sodatlon.    (ay)  May  10. 
The  Tgng"«h  Electro-Metallurgical  Company,  Limited.*    (11)  May  16. 
Electric  Power  Installation  at  the  Ougree  works,  Belgium.*    (aa)  May  16. 
The  Cincinnati  Gas  and  Electric  Company.*    (ay)  May  17. 

Transformer  Testing  by  Central  Station  Companies.    R.  F.  Schuchardt.    (ay)  May  17. 
The  Field  of  Force  in  wireless  Telegraphy.    Lee  de  Forest,    (ay)  May  17. 

grochronous  Motor  Calculations.    F.  G.  Baum.    (ay)  May  17. 
eetrically  Operated  Cranes  and  Methods  of  Control*    Frank  C.  Perkins.    (6a)  May  99. 
Electric  Installation  at  the  Upper  Forest  and  Worcester  Steel  and  Tinplate  Works.* 

(aa)  May 98. 
The  Bergen  County,  N.  J..  Lighting  System.*    W.  J.  Jones,    (ar)  May  94. 
The  BucKingham  Long-Distance  Page-Printing  Telegraph.*    William  Maver,  Jr.    (ay) 

May  94. 
The  Incandescent  Electric  Lamp— How  Manufactured  and  Tested.*    (10)  May  94. 
Creoeoting  Wooden  Poles  for  Electric  Line  Work.    W.  E.  Moore.    (13 )  May  99. 
Recent  Construction,  Atlantic  Ave.  Station,  Edison  Electric  Illuminating  Co..  Boston.* 

I.  E.  Moultrop  and  R.  E.  Curtis.    (Paper  presented  at  the  Convention  of  the  Am. 

Soc.  Mech.  Engrs. )    ( 14}  May  81. 
The  Guarini  Automatic  wireless  Telegraph  Repeater.*   A.  Frederick  Collins,    (aj) 

May  81. 
Telpherage.*    Charles  M.  Clark.    (1)  June. 

The  Real  Nature  of  Electricity  and  Magnetism.    Arthur  A.  Skeels.    (1)  June. 
Sucoeas  iisi  Long-Dlstance  Power  Transmission.    F.  A.  C.  Perrlne.    (y)  June. 
The  BO  OOO-Volt  Transmission  Plant  of  the  Missouri  River  Power  Company.*    W.  G. 

IfoConnon.    (13)  June  6;  (ay)  June  7;  (16)  June  7;  (14)  June  7. 

*  Illustrated.  " 
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Electrical— ContlBiied. 

The  Atlantic  Avenue  Station  of  the  Boeton  Bdiaon  Electric  Dluminatlng  Co.*    I.  E. 

Moultrop  and  R.  E.  Curtie.    (Abstract  of  Paper  read  before  Amer.  Soc.  Mech. 

Enm.)    (13)  Junes. 
Some  Notee  on  Polyphase  Machinery.*   A.  C.  EboraU.    (Paper  read  before  the  Man- 
chester Section  of  Inst,  of  Elec.  laigni.)    (11)  Serial  beginning  June  6. 
The  CauTeri  Falls  Electrical  Power  Transmission.*    ( la)  Serial  beginning  June  6. 
Automatic  Belay  Translation  for  Long  Subnuurine  Cables.    S.  O.  Broim.    (Bead  before 

the  Inst,  of  Elec.  E^grs.)    (a6)  Serial  beginning  June  6. 
New  Electric  Ligbting  Plant  for  Ottawa,  Canada.*   A.  A.  Dion,    f  27)  June  7. 
The  Possibilities  for  a  Light-Weight  Storage  Battery.    A.  L.  Marsh.    (37)  June  7. 
Protection  of  Long  Distance  Transmission  Lines.    Clharles  H.  Baker.    (Abstract  of 

paper  read  before  the  National  Electric  Light  Assoc.)    (13)  June  lH. 
The  paralleling  of  Alternators.    (Abstract  of  paper  read  by  Henry  E.  LongweU  before 

the  Engine  Builders*  Assoc.)    ( 14)  June  14. 
Some  Notes  on  Synchronizing.*   Joseph  Martin  Roman.    (27)  June  14. 
Works  and  Products  of  the  Stanley  Electric  Manufacturing  Company.*    (37)  Serial 

beginning  June  14. 
The  Braun  and  Siemens  and  Halske  Wireless  Telegraph  System.    A.  Frederick  (Collins. 

(37)  June  14. 
The  Electrolysis  of  Qas  Mains.    James  Swinburne,  M.  Inst  C.  E.    (66)  June  17. 
The  Parallel  Operation  of  Alternating  Current  (Generators.    (13)  June  19. 
The  New  Electricity  Works  of  the  Metropolitan  Borough  of  Shoreditch.*    (a6)  June  20. 
The  Edison  Storage  Battery.    Henry  F.  JoeLA.  M.  I.  C.  E.    (a6)  June  SO. 
The  Cycione  Theoryof  Magnetism.    Henry  E.  P.  P.  Cottrell,  A.  M.  I.  C.  E.    (a6)  Serial 

beginning  June  27. 
Sa^ora  Corporation  Electricity  Works  and  Tramways.*    (a6)  Serial  beginning  June  27. 
The  Progress  of  Electric  Space  Telegraphy.    O.  MarconL    (a6)  Serial  beginning  June 

27;  (19)  June  X8. 
Wireless  Telegraphy.    Jno.  Gordon  Oray.    (a)  July. 


Electric  Power  Transmission  in  New  Zealand.*    (a6)  Serial  beginning  July  11. 
Advantages  of  Electric  Transmission.     F.  J.  A.  Matthews.     (47)   Serial  beginning 

July  19. 
'The  Hoboken  Station  of  the  United  Electric  Company.*    (14)  July  19. 
The  Plant  of  the  Pike*s  Peak  Power  Co.*    "  ""  " 


R.  M.  Jones,    (lit)    July  19. 

ig  and  Railroad  Company.*    (17)  July  19. 


New  Power  House  of  the  PeekskiU  Lighting 

An  Electric  Cement-Making  Plant.*    (37)  July  19. 

Double-Current  Qenerators  and  Their  Application.    E.  T.  Ruthven-Murray.    (47)  July 

2o. 
Power  Transmission  In  the  Pike's  Peak  Region.*    (37)  July  26. 
Electrical  Problems  of  Main-Line  RailwayTraction.    (Charles  T.  Child.    (9)  Aug. 


lectrique  de  la  (Tie.  Est-Lumidre  dans  la  Banlieue  Est  de  Paris.*    Henry 
Martin.    (33)  May  10. 
La  P  reduction  Directe  de  r&iergle  ^lectrique  par  le  C!harbon.*    (33)  June  14. 
Notesurles  Altemateurs  Compound:  Systems Boucdierot.    E.  J.  wimswlck.    (33)  July 

Instajlations  ftectriques  des  Usines  du  Pled-Selle  4  Fumay  (Ardennes).*   C.  Dufour. 

(33)  July  12. 
Marine. 

Comparative  Boiler  Trials  in  ItiUy  (Warships).*    (11)  May  16. 

A  Comparison  of  Five  Types  of  Engines,  w.  £.  Dalby.  (Pai>er  read  before  the  Inst,  of 
Naval  Archts.)    (47)  May  81. 

Motive  Power  for  the  Modem  Launch.    E.  W.  Roberts,    (o)  June. 

Armour  and  Guns  of  Fighting  Ships.*    Philip  R.  Alger.    (10)  June. 

Electricity  in  a  Modem  Shipyard.*^  J.  B.  O'uara.    (10)  June. 

The  Bermuda  Floating  Dock.*    (11)  June  18. 

'The  Docking  of  Battleships.    M.  Asaoka.    f  11)  June  18. 

Methods  of  Handling  Material  over  Shipbuilding  Berths  in  American  Shipyards.  Will- 
iam A.  Fairbum.    (47)  Serial  beginning  June  21. 

The  Peterson  Boat-Launcmng  Apparatus.*    (19)  June  28. 

Report  of  the  Committee  on  Naval  Boilers.    (11)  Serial  beginning  July  11. 

Balancing  Marine  Engines.  W.  E.  Dalby.  (Read  before  the  Inst,  of  Naval  Archts.) 
(iiMulyll. 

Coaling  Plant  for  U.  S.  Navy  at  Bast  Lamoine,  Frenchman's  Bay,  Maine.*  J.  A.  Mo- 
NiooU  M.  Am.  Soc.  C.  E.    (13)  July  24. 

The  Great  Eaatem.*   Joseph  Homer.    (■«)  Aufr. 

Ronlis  sur  Houle:  D6formation  et  Resistance  des  Coques  de  Navires  Soumises  4  des 
Efforts  Statiques  et  des  Actions  Dynamiques.    (36)  Serial  beginning  May  26. 

Mectaanical. 

Automobiles.*   Harry  Percy  Maxim.    (38)  Apr. 

Core  Drilling  with  the  Davis  C!alyx  Drill.*    L.  V.  Emanuel.    (6)  Apr. 

*  Illustrated. 
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Mwfaanlcal— Continued. 

Uauid  Fuel— Its  AppllcaUoD,  Post  and  Present.    B.  O.  Paddock,    (i)  Apr. 

Welsbach  SelMotensifvlnic  Lamps.*    (66)  Apr.  29. 

The  ConstructloQ  and  uiBpection  of  Steam  Boilers;  with  Especial  Beference  to  the  City 

of  Trenton  LHsaster.*    (3)  May. 
The  Heating  Effect  of  Coal.    W.  R.  Crane.    {4s)  May. 
Mechanical  Speed  Changiug  Devices.    Driving  Machine  Tools  from  Constant  Speed 

Motors.    018)  May. 
Protection  of  Llf t-Shiirts  and  Safety  Devices  in  Connection  with  Lift  Doors  and  Control- 

Ung  Gear.*    ( ji)  May. 
The  Benold  SUent  Chain  Gear.*    J.  O.  Nixon.    (3)  May. 

Thwalte-Gardner  Blowing  Engine  Operated  by  Furnace  Gas  at  Clay  Cross.*    (aa>  May  8. 
Messrs.  David  Rowan  and  Co.^s  Works,  Glasgow.*    (11)  May  9. 
The  Manufacture  of  Coke  from  Compressed  Fuel.*    John  H.  Darby,    (ja)  May  9;  (11) 

May  28. 
The  Recovery  of  By-Proclucts  In  Coke-Making.    J.  Thlry.    (aa)  May  9. 
A  New  High-Duty  Pumplug  Engine  of  the  Compensating  Type.*    (14)  May  10. 
Ignition  and  Ignition  Gears  for  Internal-Combustion  Engines.    Holberry  Mensforth,  A. 

M.  Inst.  Mech.  Engrs.    (47)  May  10. 
The  Relative  Advantages  of  Cast  Iron  and  Wrought  Iron  Gas  Mains.   Godfrey  L.  Cabot. 

(a4)  May  12. 
Standardization  of  Pipe  Flanges  and  Flanged  Fittings.    Robert  E.  Atkinson.    (6a) 

Serial  beginning  May  15. 
Tae  Mechanical  Plant  of  the  Frick  Building.  Pittsburg.*    (14)  May  17. 
The  Introduction  otthe  Steam  Turbine  for  Light  and  Power  work.*    Frank  C.  Perkins. 

(46)  May  17. 
Petroleum  as  a  Fuel.    Thos.  Pazton.    (18)  May  17. 

From  Old  Conditions  to  New  at  the  Walsall  Gas- Works.*    (66)  Serial  beginning  May  20. 
Rec''nt  Developments  in  the  Gas-Engine.    T.  Hudson  Beare,  M.  Inst.  C.  £.    (11)  Serial 

beginning  May  23;    ( 47 )  Serial  beginijing  June  7. 
The  Diamond  Id  wire  Drawing.    S.  Bamett.    (ao;May29. 
On  the  Determination  of  the  Irregularity  Factor  of  Engines.    Rudolf  Franke.    (Bead 

before  the  Verband  deutscl^r  Elektrotechnlker. )    (a6)  Serial  beginning  May  80. 
The  (ierman  Nlles  Tool  Works,  Berlin.*    (11)  Serial  beginning  May  80. 
The  New  Diesel  Engine.*    (la)  Serial  beginning  May  90. 
The  Giant  Crane  of  Breroerhaven.*    (19)  MaySl. 
Steam  Engme  Packing.*   A.  McS winey .    ( Paper  read  before  Birmingham  Assoc,  of  Mech. 

Engrs.)    (47)    May.  81. 
The  Use  of  Aicohol  in  Ctermany  for  Heat,  Light  and  Power.*    Frank  H.  Mason.    (10) 

June. 
Mechanical  Draft.*    F.  R.  Still.    (4)  June. 
The  Battle  of  the  Boilers.    Benjamin  Taylor.    (64)  June. 
Retort- Houses  for  Inclined- Retort  Settings  and  Their  Development.*    Edward  Drory. 

(66..    Junes. 
The  Condensation  of  Coal  Gas.    Harold  G.  Colman.    (66)  June  8. 
The  Flying  Shear.*    V.  E.  Edwards.   (Paper  presented  to  Meeting  of  the  Am.  Soc.  of 

Mech.  Kngrs.)    (ao)  JimeS;  (13)  June  6. 
Power  Plant  of  the  Schwarzschiid  &  Sulzberger  Ck>mpaay,  Chicago.*    (14)    June  7. 
Recovery  of  Bye-Products  In  Coke  Making.*    J.  Thiry.    (Paper  read  before  the  Iron  and 

Steellnst.)    (66)    June  10. 
Determining  Temperature  of  Exhaust  Gasas.    R.  H.  Femald.    (Presented  at  Boston 

Meeting  of  Am.  Soc.  Mech.  Engrs. )    (6a )    June  12. 
The  Utilization  of  Peat  as  Fuel.*    (13 )  June  12. 
Cold  Working  Sheet  Metal  in  Dies.*    J.  D.  Rlggs,  Jun.  Am.  Soc.  M.  E.    (Abstract  of 

paper  presented  at  Meeting  of  Am.  Soc.  Mecn.  Engrs.)    ( 1 3 )  June  12. 
The  Hydraulic  Air  Compressor  at  Norwich.  Conn.*    Herbert  M.  Knight.    (13)  June  12. 
Elevator  Safeties.*    Charles  R.  Pratt,  M.  Am.  Soc.  M.  E.    (Abstract  of  Paper  presented 

at  Meeting  of  the  Am.  Soc.  Mech.  Engrs.)    (13)  June  12;  (14)  June  14. 
Detroit  Steel  Car  Works  of  the  American  Car  &  Foundry  Company.*    (15 )  June  18. 
Pneumatic  Pumping  Appliances.*     W.  C.  Popplewell,  Assoc.  M.  Inst.  C.  E.    (47)  Serial 

beginning  June  14. 
Piping  Matenalfl  for  Steam  Plants.    (Paper  read  before  the  Engine  Builders'  Assoc,  by 

John  R.  Berryman. )    ( 14 1  June  14. 
The  Steam  Turbine  as  Applied  to  Blowing  and  Exhausting  Apparatus.*    W.  D.  Child. 

(66)  June  17. 
The  Parallel  Operation  of  Alternating  Current  Generators.    (13)  June  19. 
The  Fuel  Brlquetting  Industry  in  the  united  States.    Wm.  G.  Irwin,    (ao)  June  19. 
A  Simple  Form  of  Fuel  CJalorimeter.    Charles  R.  Darling.    (1 1}  June  20. 
The  Manufacture  of  Tin-Plate.    W.  H.  Tregoning.    (aa)  June  20. 
New  Tool  Steels  and  Their  Advantages.    (aa>  June  20. 
Carbureters.*    (i9)Jime21. 
The  Power  Plant  at  the  Ellzabethport  Shops  of  the  Central  Railroad  of  New  Jersey.* 

(14)  Juneifl. 
Liquid  Fuel  and  Its  Application.    R.  G.  Paddock.    (47)  Serial  beginning  June  21. 
Large  Gas- Engines  and  the  (3flses  Used  by  Them.*    Dugald  Clerk,  M.  Inst.  C.  E.    (Read 

at  Meeting  of  the  Gas  Institute. )    (66)  June  24. 
A  New  System  of  Gas  Measurement.    T.  Q.  Marsh.    (Read  at  Meeting  of  the  Gas  Insti- 
tute.)    (66)  June  24. 

*  Illustrated. 
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Mecluinical— Coot  io  lied. 

Efficiency  and  Economy  in  Oas  Distsibution.*    Walter  Hole.    (Read  at  Meeting  of  the 

Gas  institute. )    (66)  June^. 
American  Plate  Mills,    (aa)  June  27. 
Shop  Drawings.    ( ii )  J une 97. 

On  Gas-Englne  Temperatures.    H.  E.  Wlmperis,  A.  M.  Inst.  E.  E.    (ii)  Jime  27. 
The  Mechanical  Plant  uf  the  Chicago  Tribune  Building.*    C14)  June  28. 
The  Economy  of  Mechanical  Stoking.*    William  Wallace  Christie.    (9)  Serial  beginning 

July. 
The  Steam  Turbine  at  Hartford.*    (64)  July. 
A  Proposed  Standard  for  Machine  Screw  Thread  Sizes.    Charles  C.  Tyler.    (Read  at 

Boston  Meeting  of  the  Araer.  Soc.  of  Me?h.  Engrs.)    ^41     July;  (6a)  July  17. 
Chains  and  Their  Manufacture.*    (ao)  July  8. 

Qrinding  Machines  and  Processes.    Joseph  Homer.    (11)  Serial  beginning  July  4. 
Colce-Oven  Charging  Machines.*    (a a)  July  4. 
New  Apparatus  for  Testing  Materials  in  the  Laboratory,  Purdue  Unlyerslty,  Lafayette, 

IndT*    William  Kendrlck  Hatt.    (11)  July  4. 
The  U.  S.  Refrigerating  Plant  at  Manila,  P.  I.*    (14)  July  5. 
A  Modem  Printing  Works  *    (47)  July  B. 

The  Selection  of  Steel  for  Various  Articles,    (ao)  Serial  beginning  July  10. 
The  Status  of  Alcohol  as  a  Power  Source.    Marius  C.  Krarup.    (ao)  July  10. 
The  Bleichert  Aerial  Ropeways.*    (aa)  July  11. 
The  Paris-Vienna  Motor  Car  Race.*    (ia>  Serial  beginning  July  II. 
The  Mechanical  Plant  in  the  Rogers,  Peet  Building,  New  York.*    ( 14)  July  12. 
Oas  (jivines.    C.H.  Nutting,    (ao)  July  17. 
New  Ore  Handling  Machinery.*    Waldon  Fawoett.    (6a)  July  17. 

Depreciation  of  Coal  and  Coke  by  Shipment.    Stelkens.    (Report  made  to  the  Interna- 
tional Navigation  Cong.,  DUsseldorf . )    (11)  July  18. 
The  Drafting  System  of  a  British  Engine  Shop.    (14)  July  19. 
Scientific  Tests  of  Alcohol  Motors.    Si.  C.  Krarup.    (ao)  July  24. 
Pipes  and  Accessories  Used  m  the  Transmission  of  Power  by  Compressed  Air.    W.  C. 

Popplewell.    i47>  Serial  beginning  July  2C. 
Notes  on  the  Industrial  Use  of  Gas  Works  Coke.*    Alexandre  Lencauchez.    (a4 )  July  28. 
The  Selection  and  Installation  of   Hydraulic  Elevators.*      Henry  D.  James.      (13) 

July  81. 
Producer  Gas;  Its  Use  in  Engineering  and  Shipbuilding.    F.  J.  Rowan,    do)  Aug. 
Tesit  of  a  De  Laval  Steam  Turbine  Using  Superheated  Steam.    (14)  Aug.  2. 
Les  Conditions  de  R^gularit6  dee  Machines  de  Stations  Centrales.     Alfred  Van  Der 

Stegen.    (31  >  Pt.  L 
Proc^d6s  et  Appareils  de  Nettoyage  des  Chaudidres  Tubulaires.*    ( 37)  Apr. 
Qtiz  ){;dne  &  Combustion  Renvers6e  par  Aspiration.*    J.  Deschamps.    ( 33)  Apr.  26. 
fitude  Gf-n^rale  du  Rendement  des  ifouvelles  Turbines  de  Laval.*    M.  Delaporte.    (37) 

Serial  beginning  May. 
Thfiorie  des  Ejecto-Conaensaurs  et  Experiences  sur  un  Nouveau  Type  des  ces  Appareils. 

A.  Rateau.    (37)  June. 
Concours  et  Exposition  de  Moteurs  et  Appareils  Utllisant  i'Alcool  D6natur6.*     G. 

Coupan.    (33)  June  21. 

Metallurgical. 

A  Review  on  Alloys.    Gustav  Thumauer.    (61)  Apr.  18. 

The  Elimination  of  Silicon  in  the  Acid  Op3n-Hearth.    Andrew  McWiUiam  and  William 

H.  Hatfield,    (aa)  Mayfl;  (47)  May  24. 
A  New  System  of  Cooling  Tuyeres  for  Blist-Fumaces.    Horace  Allen,    (aa)  May  fl. 
The  Combtnei  Blast-Fumace  and  Open-Hearth  Furnace.*    P.  Eyermann.    (aa)  May  9; 

(47)  May  24. 
The  rb<»mtcil  and  Physical  Properties  of  Carbon  in  the  Hearih  of  the  Blast  Furnace 

W.  J.  Foster,    (aa)  May  9. 
The  In  du'^ncs  of  CHiemical  Composition  on  S  :>undness  of  Steel  Ingots.*    Axel  Wahlberg. 

(aa)  MayO. 
A  Useful  Alloy  of  Copoer,  Nickel,  Zinc  and  Aluminium  for  Sand  Casting.    Erwin  S. 


Speny.    (47)  May  17. 
^ent  Blast-Fi 


Recent  Blast-Fumace  Practice.*     Brierley  Denham  Healey.     (47)   Serial  beginning 

May  !7. 
Puddled  iron  and  Mechanical  Means  for  Its  Production.*    James  P.  Roe.    (ao)  May  29; 

116)  May  81. 
Handling  Ore  at  a  Blast-Fumace:  Some  Details  of  a  Typical  American  Plant.*    W.  L. 

Cowles.    (10)  June. 
The  Chaise  Roasting  Furnace  *    (16)  June  7. 
The  Oil-Temp3ring  of  Mill-Steal  Forsjlngs.     Thomas  Bunt.    (Paper  read  before  the 

Shanghai  Soc.  of  En«;rs.  and  Archt=«. )    f  11)  June  18. 
The  Metallurgy  of  the  Cupola.    H,  E.  Fi-ld.    (ao^  June  19;  (6a)  June  19. 
The  Molding  Machine.*    S.  H.  StupakofT.    (Read  before  the  American  Foundrymen^s 

Assoc.)    (ao)  June  19:  (4a)  June  19. 
Cores  and  Core  Arbors.*    Eiward  B.  Ollmour.    (6a)  June  19;  (ao)  June  28. 
Changes  in  the  Manufacture  of  Pisr  Iron,  as  Illustrated  by  tbe  Development  of  the 

American  Blast  Furnace.*    John  Birklnbine.    (a)  Jul  v. 
Modem  Developments  in  the  Production  of  Open-Heartn  Steel.    James  Christie,    (a) 

July. 

*  Illustrated 
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Metallnrdcal— Coiitln«ed. 

The  Steel  Trade  in  the  North-East  of  England.*    Henry  Simpflon.    (lo)  July. 

Canada  as  a  8teel  Producer:  The  Operations  of  the  Dominion  Iron  &  Steel  Ck>mpany.* 

do)  July. 
Beesemerlainflr  of  Copper  and  Copper  Bfattes.    Jaroee  Douglas,    (lo)  July. 
The  Economic  Production  of  Iron  and  Steel:  Influence  of  Labor-Saving  Machinery  in 

the  United  States.*    Theodore  W.  Robinson,    (lo)  July. 
Upon  the  Structure  of  Metals  and  Binary  Alloys.*    William  Campbell.    (3)  July. 
The  Dry  Crushing  of  Ore.    ( 16)  Serial  beginning  July  6. 
Hot  Metal  Mixers.*    ( jj)  July  18. 
Notes  on  the  Republic  Dii^trict,  Washington,  with  Special  Reference  to  the  Metallurgy 

of  its  Ores.*    J.  C.  Ralston.    (16)  July  19. 
Nickel-Steel;  Its  Practical  Development  in  the  United  States.*    H.  F.  J.  Porter.    (10) 

Aug. 
La  Constitution  des  Alliages.    L6on  Ouillet.    (33)  Serial  beginning  June  28. 

Military. 

The  Evolution  of  Smokeless  Powder  and  other  High  Explosives.    (11)  May  8. 

The  New  15-Pounder  Quick-Firing  Field  Artillery  Gun.*    (la)  May  16. 

The  DOsseldorf  Exhibition:  Krupp  Pavilion.*    (11)  Serial  beginning  June  6. 

Barbette  for  a  Howltxer. *    ( 19 )  June  14 . 

Trench,  Parapet  or  "  The  Open."*    (44 )  July. 

Armor  Plates  Pierced.*    (ao)  July  10. 

Electricity  in  Its  Application  to  Submarine  Mines.    John  Stephen  Sewell.    (19)  July  10. 

Mining. 

Core  DriUing  with  the  Davis  Calyx  Drill.*    L.  V.  Emanuel.    (6)  Apr. 

The  Ehrenf eld  Plant  of  the  Webster  Coal  &  Coke  Co.*    (45)  May. 

Compressed  Air  in  Mining.    T.  W.  Barber,  M.  I.  C.  G.    (63)  May  8. 

Wbiding  Plants  for  Great  Depths.*    Hans  C.  Behr.    (aa)  Serial  beginning  May  16. 

Safety  Lamps  and  Colliery  Explosions,    (la)  May  28. 

Wire  Ropes  (for  Mine  Use).    W.  D.  Hardie.    (Abstract  of  Paper  read  before  the  Canar 

dian  Mining  Inst.)    ( 16)  May  81. 
Centrifugal  Pumps  for  Mine  Work.*    W.  R.  Crane.    (45)  June. 
Tapping  Drowned  Workings.*    W.  B.  Wilson,  Jr.    (45)  June. 
Recent  Shaft  Sinking  in  Europe  by  the  Freezing  Method.    (14)  June  14. 
Coal  Mhiing  in  India.*    Ernest  Benedict,  M.  Inst.  C.  E.    (10)  July. 
The  Electric  Locomotive  for  Mine  Haulage:  Present  Practice  and  Economies.*    George 

Gibbs.    (10)  July. 
Conopressed  Air  in  Mining  for  Drilling,  Hauling,  Hoisting  and  Pumping.*    Edward  A. 

Rix.    (10)  July. 
Coal  Cutting  Machinery;  with  Special  Reference  to  American  Practice.*    Edward  W. 

Parker.    (10)  July. 
Copper  in  the  United  States.*    J.  Parke  Channing.    (10)  July. 
Gold  Dredging  in  New  Zealand.*    H.  E.  Duncan.    (10)  July. 
Gold  Mining  in  the  Transvaal,  South  Africa.*    John  Hays  Hammond.    (10)  July. 
Hydraulic  Mining,  Placer  and  Alluvial  Mining,  and  Gk>ld  Dredging.*    George  H.  Evans. 

(10)  July. 
The  Transvaal  Mines  under  the  New  Regime.    John  Hays  Hanunond.    (9)  July. 
Colliery  Ventilating  Machinery.*    C.M.Percy.    (10)  July. 
Elec'tricity  in  Mining.*    William  B.  Clarke.    (10)  July. 
Water  Power  in  Mixung;  Its  Various  Applications  in  uie  United  States.*   A.  P.  Bray  ton. 

(lo)  July. 
Mining  Explosives.    James  Tonge,  Jr.    (45)    July. 
Compressed  Air  Haulage.    Robert  Peele.    (45)  July. 
Description  of  Primary  Operations  and  Temporary  Plant  Required  for  a  Sinking  Pit.* 

Harold  T.  Foster,    (aa)  July  4. 
Electrically-Driven  Centrifugal  Pumps  in  the  Horcajo  Mines,  Spain.*    (11)  July  16. 
Three-Phase  Electric  Driving  Applied  to  Coal-Cutting.    Roslyn  Holiday,    (aa)  July  18. 
Different  Methods  of  Hauling  Ore  at  Bingham,  Utah.*    W.  P.  Hardesty.    (13)  July  24. 
Mining  at  the  IKlHseldorf  E^bition.    ( la)  Serial  beginning  July  25. 
The  Application  of  Suspended  Steam-Pumps  to  the  Sinking  of  Deep  Shafts.*    W.  Price 

Aden,    (aa)  July  25. 
Sinking  a  Deep  Coal  Shaft  at  Atchison,  Kansas.    William  R.  Crane.    (16)  July  26. 
Anthracite  Coal  Minlxur  in  the  United  States:  A  Sketch  of  the  Pennsylvania  Coal  Fields.* 

John  Birklnbine,  M.  Am.  Inst.  M.  E.    (10)  Aur. 
Les  Principaux  Gisements  de  Minerals  de  Fer  du  Monde.    L6on  Demaret.    (30)  Apr. 

Miscellaneoas. 

Report  on  the  Metric  Sjnatem.    (19)  May  10. 

Extraordinary  Trench  Digging.*    (46)  June  21. 

Physical  and  Chemical  Latoratory  of  the  J.  I.  Case  Threshing  Machine  Co.,  Racine,  Wis.* 

(13)  July  10. 
The  Duties  of  Engineers  in  Enforcing  Contracts.     Albert  J.  Hlmes,  M.  Am.  Soc.  C.  E. 


(J13)  July  17. 
J  His 


The  History  of  the  Institution  of  Civil  Engineers.    Charles  Hawksley.     ( 14)  July  26. 

*  Illustrated. 
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MiioellaBeoas— Continaed. 

The  Metric  System:  A  Practical  View  of  It,  and  a  Suggestion.     E.  Sherman  Oould,  M. 

Am.  See.  C.  E.    no)  Auk. 
Voies  de  Communication  et  fioyens  de  Transport  A  Madagascar:  Leur  Btat  Actuel— Leur 

Aventr.    F.  C  Taupiat-de  Saint-Simeauz.    ($»)  May. 

Municipal. 

Streets  and  Roads.    James  H.  Maodonald.    (i)  Apr. 

Bitumin  »U8  Macadam  Pavements.    William  H.  Bums.    ( i )  Bfay. 

Steel  Wheel  ways  for  Wagon  Roctds.    Ira  O.  Baker,  M.  Am.  Soc.  C.  E.    (13)  ICay  8. 

Some  Observations  upon  the  Binding  of  Sand  by  Stone  Dust.    EbUbert  Powers  Oillette. 


(13)  May  16. 


The  New  Specifications  for  Asphalt  Pavements  in  New  York.    (14)  May  17. 
The  Selection  of  Materials  for  Macadam  Roads.    Logan  Waller  Page.    ( 14)  May  17. 
Some  Details  of  Broken-Stone  Road  Buildmg.*    (14)  May  94. 
Comparison  of  Brick  Tests  and  Street  Wmir.    (60)  June. 
Tne  Reorganization  of  the  Metropolitan  Fire  Brigade.    (11)  July  4. 
The  Cost  of  Brick  and  Stone  Block  Pavements.    Halbert  Powers  QlUette.    ( 13)  July  94. 
Automatic  Street  Sweepers.*    Waldon  Fawcett.    (60)  Aug. 

Failure  of  Municipal  Ownership  in  England.    Robert  P.  Porter.    (17)  Serial  beginning, 
Aug.  2. 

RaliroMl. 

Maximum  Trains:  Their  Relatloo  to  Track,  Motive  Power  and  Traffic.    E.  E.  R.  Trat- 

man.    (65)  Apr. 
Construction  of  Elliptical  Springs.    Charles  A  Lindstrom.    (61)  Apr.  18. 
Reminiscences  of  Half  a  Century.    M.  N.  Forney.    (6s)  May. 
Light  Mountain  Railways.    Oeorge  B.  Francis.    (1)  May. 
Burlington  Route  Test  Car.*    Max  H.  Wickhorst.    (30)  May. 
Chicago  Great  Western  Tandem  Compound.*    (39)  May. 
The  Trans- Australian  Railway,    (la)  liav2. 
Interlocking  Construction  and  Specifications.    C.  O.  Tilton.    (40)  May  9. 


Track  Iniprovements  on  the  Baltimore  &  Ohio.*    ( 40)  Blay  9. 

Norfolk  &  Western  Standard  Equipment.*    (40)  May  9. 

The  Electric  Elevated  and  Underground  Road  of  Berlin.*    (ar)  Bfay  10. 


Test  and  Dynamometer  Car,  Chicago,  Burlington  &  Quincy  R.  R.*    (13)  May  15. 
Automatic  Block  Signals  on  the  Philadelphia  and  New  York  Divisions  of  the  Pennsyl- 
vania Railroad.*    (15)  May  16. 
Standard  h>eight  Locomotives  of  the  Columbian  Government.*    (15)  May  16. 
A  Diagnosis  of  M.  C.  B.  Coupler  Defects,  Based  on  Results  Obtained  in  Service.    R.  D. 

Smith.    (61)  May 20. 
Western  Railway  Club:  Report  of  Committee  on  Draft  Rigging  in  Relation  to  the  Whole 

Cars.    (61  >  May  20. 
Industrial  Railways.*    Waldon  Fawcett.    (6a)  May  22. 
The  Atlantic  Avenue  Improvements  of  the  Long  Island  R.    R.  in  Brooklyn.*    (13) 

May  22. 
Pennsylvania  Standard  Consolidation  Engine.*    (^40)  May  23. 
Earlv  History  of  the  Delaware,  Lackawanna  &  Western  Railroad  and  Its  Locomotives.* 

Herbert  T.  WalJcer.    ( 15 )  Serial  beginning  May  80. 
Water-Tube  Boll«»r  for  Locomotives.*    (11)  May  80. 
Baldwin  Decapod  for  the  Santa  F6.*    (40 )  May  80. 
Crossing  and  Slip  Switch  Renewals  on  the  Chicago  &  Western  Indiana  R.  R.*    (18) 

May  81. 
Pennsylvania  Division  Shops  of  the  N.  Y.  C.  &  H.  R.  R  R.*    (18)  May  81. 
Features  of  Continental  Locomotive  Construction.*    Charles  R.  King.    (9)  June. 
Oak  Grove  Shops  of  the  New  York  Central.*    (39)  June. 
Modem  Car  Design.    C.  A.  Seley.    (25)  June. 

Oi)  Fuel  for  Locomotives:  Hoo^ac  Tunnel,  Boston  &  Maine  Railroad,    (as)  June. 
Atlantic  l^pe  Fast  Passenger  Locomotive,  Pennsylvania  Railroad.*    fag)  June. 
Decapod  Tandem   Compound   Freight  Locomotive;   Atchison,  Topeka  &   Santa  F6 

Railway.*    ia$)  June. 
Mechanical  Stoliers  for  Locomotives.*    Fred.  H.  Col vin.    (Paper  presented  to  Meeting 

of  the  Amer.  Soc.  of  Mech.  Engrs.)    (ao>  June  5:  (13)  June  5;  (18)  June  14. 
Recent  Locomotives  of  the  Illinois  Central  Railroad.*    (40)  June  6. 
1  he  Perfection  Fuel  Economizer  and  Smoke  Consumer.*    (40)  June  6. 
Building  of  American  Locomotives.*    ( 46 )  Serial  begmning  June  7. 
Self -Dumping  Cars  in  Railroad  Construction.*    Day  Allen  Willey.    (46)  June  7. 
Notes  on  Some  Twentieth  Century  Locomotives.    Charles  Rous-Marten.    (47)  Serial 

banning  June  7. 
The  Elevated  Structure  of  the  Atlantic  Avenue  Improvement,  Brooklyn.*    (14)  June  7. 
Electric  Traction  and  Standard  Railways.    E.  Huber.    (17)  June  7. 
Staybolt  Breakage.*    (15)  June  18. 

New  Engine  House  of  the  Boston  &  Maine  at  East  Cambridge.*    (15)  June  18. 
Cast-iron  Wheels  Under  Heavy  Cars.*    ( 15)  June  18. 
Some  Modem  Draft  Gears.*    (15)  June  18. 
The  Structural  Steel  Car  Company.*    (15)  June  18. 

*  Illustrated.  • 


CUBBBNT  BNOINSBBIKG   LITBBATUBE.  ^^55 

Railroad— Continued . 

Some  Experience  with  Special  Wheels  in  Heavy  Serrlce.    P.  H.  Oriffln.    (15)  June  18. 

The  Bailroad  Telephone.    C.  A.  Hammond.    1 15)  June  18. 

New  Power  for  the  Frisco  System.*    (40)  June  18. 

The  Baring  Croes  Shops  of  the  St.  Louis,  Iron  Mountain  &  Southern  Bailway.*    (40) 

June  18;  ( 18)  Serial  beffinnlnK  June  14. 
The  Locomotive  Piston  Valve.*    (18)  June  1 1. 
The  Largest  Geared  Locomotive  Yet  Built^El  Paso  &  Bock  Island  Boute.*    (18)  June 

14;  (15)  June  90. ' 
The  Question  of  Power  for  Bailroad  Bepidr  Shops.    (18)  June  14. 
The  Electric  Boad  of  Berthoud-Thoune,  Switzertand.*    (46)  June  14. 
The  New  Beacon  Mountain  Bail  way.*    (17)  June  17. 
Michigan  Central  Shops  at  Jackson,  Mich.*    (40)  June  90. 
Competitive  Locomotive  Types  for  the  Illinois  Central.*    (15)  June  90. 
New  Locomotive  Equipment  for  the  St.  Louis  &  San  Francisco  B.  B.*    ( 18)  June  91. 
The  Cedar  Lake  Shops  of  the  Biinneapolis  &  St.  Louis  B.  B.*    (18)  June  91. 
M.  N.  Fomey*8  Feed  Water  Heater  for  Locomotives.*    (15)  June  97;  (35)  July;  {47) 

July  19;  (18)  Aug.  9. 
The  Chicago  A  Alton  Shops  at  Bloomington,  HI.*    ( ia )  June  97. 
Two  New  Types  of  Suburban  Locomotives.*    (40)  June  97;  (15)  June  90. 
An  Improved  Fuel  Economizer  and  Smoke  Consumer.*    (18)  June  98. 
Bailway  Blocks  and  Telegraphs  — Becent  Practice.    ( j  1 )  July. 
The  Effect  of  Waterways  on  BaDway  Transportation.    S.  A.  Thompson.    (9)  July. 
Steel  Bails:  Belations  between  Structure  and  Durability.*    Bobert  Job.    (3;  Serial  be- 
ginning July:  (15)  July 4.    (13)  Julys. 
TheTryor  Gap  Tunnel;  Burlington  &  Missouri  Blver  B.  B.*    F.  T.  Danow.    ( 13 )  July  8. 
Prospective  Railway  Development  in  British  Equatorial  Africa.    C.  Steuart  Betton. 

(ao)  July  4. 
The  Slmplon  Tunnel  and  Its  Construction,    (la)  Serial  beginning  July  4. 
The  Construction  of  a  First-Class  French  Locomotive.*    ( 1  a )  Serial  beginning  July  4 . 
Grand  Bapids,  Grand  Haven  &  Muskegon  Bailway.*    (17)  July  6. 
Tnin  Bedstance.    A.  H.  Armstrong.    117)  July  5. 
Train  Besistance  Formulee.    John  Balch  Blood.    (171  July  5. 
TestH  of  the  Friction  of  Side  Bearings  and  Center  Plates  for  Freight  Cars:  Abstract  of 

Beport  of  Special  Committee  of  the  Master  Car  Builders'  Assoc.*    ( 13)  July  10. 
Modem  Water  Supply  for  Locomotives.*    F.  M.  Whyte.    (15)  July  11. 
Electric  Driving  for  Shops.    C.  A.  Seley.    (Paper  read  before  the  Amer.  By.  Master 

Mech.  Assoc.)    (18)  July  19. 
A  Combina^on  Transfer  Table  and  Car  Elevator.*    (1 3 )  July  17. 
Bailway  Grade  Crossing  Protection  in  Texas.    (13)  July  17. 

The  Superintendent,  the  Conductor  and  the  Engineman.    B.  B.  Adams.    (15)  July  18. 
Crosshead  and  Piston  Bod  Connection.*    Boger  Atkinson.    (15)  July  18. 


The  Commodity  Ton  Mile.    S.  M.  Hudson.    (40)  July  18. 

Automatic  Tram-Order  Signal,  Hocking  Valley  By.*    (18 ) 

A  Typical  Shop  to  Serve  for  300  Locomotives.*    L.  B.  Pomeroy.    (Bead  before  Annual 


Convention  of  the  Amer.  By.  Master  Mech.  Assoc.)    (18)    Serial  beginning  July  19; 

(as)  Aug. 

A  Lens  Mirror  Locomotive  Headlight.*    (13)  July  94. 
The  Perfection  Fuel  Economizer  and  Smoke  Consumer.*    (19)  July  96. 
**  Boulder ''  Signalling  and  New  Express  Locomotives  on  the  Caledonian  Bailway.* 

Norman  D.  Macdonald.    (40)  July  96. 
The  Baltimore. &  Ohio  Third  Ball  System.*    (40)  July  96. 
The  Tehuantepec  Bailroad  V9.  the  Isthmian  Canal.*    (46)  July  96. 
Consolidation  Freight  Locomotives  for  N.  Y.  C.  &  St.  L.  and  P.,  C,  C.  &  St.  L.  Boads.* 

(18)  July  96. 
A  Large  Shay-Patent  Locomotive;  The  El  Paso  &  Bock  Island  Boute.*    (as)  Aug. 
The  Mexl(*an  Bailway  System.*    victor  M.  Braschl  and  Ezequlel  Ordofiez.  (10)  Aug. 
Up-to-date  Boundhouses.*    (as)  Aug. 

Passenger  Engines  for  the  Chesapeake  &  Ohio  and  the  Missouri  Pacific*    (15)  Aug.  1. 
A  New  Method  of  Steel  Car  Construction.    1 18)  Aug.  9. 
The  Mechanical  and  Electrical  Equipment  of  the  Pittsburg  &  Lake  Erie  BaUroad  Ter  - 

minal,  Pittsburg.*    (14)  Serial  beginning  Aug.  9. 
Les  Tramways  &  Vapeur  aux  Indes  N6erlandaises   (Java,   Madoura  et  Sumatra). 

Auguste  Moreau.    (32)  Mar. 
Les  Chemins  de  Fer  de  r£tat  de  Saint-Paul  (Br^sll).*    (38)  May. 
Les  Voitures  des  Chemins  de  Fer  Italienes  &  TExposition  universelle  de  1900.*    A.  Mar- 

izot.    (34)  May. 
Applications  de  la  Vapeur  Surchauffde  aux  Locomotives.*    F.  Barbler.    (33)  May  81. 
Nouvelle  Ligne  de  Paris  &  Versailles:  Tunnel  de  Mendon.*    A.  Dumas.    (33)  June  7. 
Locomotives  Compound  &  Quatre  Cylindres  de  la  Compagnie  des  Cheimns  de  Fer  de 

TEst*    L.  Pierre  Gu6don.    (34)  Serial  beginning  July. 
Note  sur  les  Travaux  de  la  Ligne  d'Issy  &  Viroflay.*    M.  Babut.    (38)  July. 
Nouvelle  Locomotives  Compoimd  &  Quatre  Cylindres  k  Dlspoeitlf  de  D6marrage  Systdme 

Goelsdorf.*    L.  Pierre  Gu6don.    (33)  July  19. 

Railroad,  Street. 

Electric  Traction.    Philip  Dawson.    (a6)  Serial  beginning  May  9. 

The  New  Electric  Bapid  Transit  Bailway  in  Berlin,  Germany.*    (13)  May  16. 


*  Illustrated. 
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Rallrofld.  Street— Continued. 

Ciuses  and  Remedies  for  Vibration.    A.  Mallock.    (17)  Dilay  17. 

Selection  of  Street  Railway  Motor  Equipment.    Fred  A.  Jones.    (17)  May  17.  * 

Express  and  Light  Freight  Traffic  on  Electric  Roads.    ( 15 )  May  28. 

Restrictions  on  the  Controller  Handle.    J.  R.  Cravath.    (17)  May  84. 

Power  Plant  of  the  Hartford  ft  Springfield  Street  Railway  Co.*    (14)  May  S4. 

Construction  of  the  Metropolitan  Railway,  Paris.*    (14)  May  84. 

Camp's  Bay,  Cape  Town  and  Sea  Point  Tramways.*    (36)  May  80. 

Problems  of  Electric  Railways.    J.  Swmbume  and  W.  R.  Cooper.  (Paper  read  before  the 

Inst,  of  Elec.  Engrs.)    (10)  Serial  beginniuK  May  81. 
The  Vevey-Mont  P61erin  Funicular  Electric  Railway.*    Enrico  Bignaml.    (9)  June. 
Cardiff  Corporation  Tramway  *    (a6)  June  6;  (17)  Julyfi. 
Electric   Railway  Practice  on  the  Continent  of  Europe.*    Helnrich  Vellguth.    (17) 

June  7. 
Results  of  Tests  for  Air  Resistance  on  the  Berlin-Zossen  Experimental  High  Speed 

Line.*    (17)  June  7  and  Aug.  8. 
Mineola,  Hempstead  and  F  reeport  Traction  Company.*    (17)  June  88. 
The  Design  01  Conductors  for  Electric  Railways.    ( 47)  June  88. 
The  Mechanical  Engineering  of  an  Electric  Railway^    Howard  P.  Quick,    (o)  July. 
New  Equipment  of  the  Liverpool  Overhead  Railway.*    (a6)  July  4;  (17)  July  19. 
Collectors  for  Heavy  Traction.    Qeorge  T.  Hanchett.    (17)  July  6. 
International  Tramways  Exhibition.*    (47 )  July  18. 

The  Electric  Tramway  System  of  Newcastle-on-Tyne.*    (a6)  Serial  beginning  July  18. 
The  Second  Division  of  the  New  York  Rapid  Transit  Railroad.*    (14)  Serial  beginning. 
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Classified  Review  of  Dam  and  Reservoir  Falluri 

Hill,  M.  Am.  Soc.  C.  E.    (13)  June  19. 
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Paper  read  before  the  Amer.  Water- Works  Assoc.)    ( 14^  July  12. 
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The  Effect  of  Waterways  on  Railway  Transportation.    S.  A.  Thompson.    (9)  July. 
The  Panama  Canal.    (11)  July  4. 
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Canal  du  Nivemais:  Etablissement  du  Touage  Al6canique  dans  le  Bief  de  Partage.*    M. 
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La  Protection  contre  les  Infiltrations  des  Ouvr^es  d'Art  en  Ma^onnerie  au  Canal  de 

Dortmund  &  TEms.*    H.  Genard  and  G.  Denii.    (30)  Apr. 
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Touage  M^canique  £tabli  au  Bief  de  Partage  du  Canal  du  Nivemais.*    Mazoyer.    (35) 
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*  Illustrated. 
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THE  FLOW  OF  WATER  IN  WOOD  PIPES. 


By  Thebon  a.  NoBiiE,  M.  Am.  Soc.  C.  E. 
To  BE  Pbesented  Octobbb  1st,  190*2. 


Before  entering  into  a  discussion  of  the  series  of  experiments  con- 
ducted by  the  writer,  through  the  courtesy  and  assistance  of  Reginald 
H.  Thomson,  C.  E.,  City  Engineer  of  Seattle,  Wash.,  a  brief  descrip- 
tion of  Seattle's  gravity  supply  will  be  required,  in  order  to  fully 
understand  the  conditions  under  which  the  experiments  were  con- 
ducted. 

JDescripHoti  of  QravHy  System, — About  24  miles  southeast  of  Seattle, 
as  the  crow  flies,  the  city  has  constructed,  across  Cedar  Biver,  a  dam 
which  diverts  the  water  for  the  city's  domestic  water  supply  into  a 
series  of  pipe  lines  28.52  miles  in  length,  connecting  the  dam  directly 
with  the  high-service  reservoir  in  the  city.  These  lines  consist  of  64-in. , 
44-in.  and  42-in.  stave-pipe,  and  42-in.  steel  pipe. 

The  first  section  consists  of  2  679  ft.  of  54-in.  stave-pipe  extending 
from  the  intake  at  the  dam  to  the  settling  basin.  The  plan  and  profile 
of  this  section  are  shown  in  Figs.  1  and  3. 

The  dam  and  the  upper  part  of  the  54-in.  pipe  line  are  shown  in 
Figs.  1  and  2,  Plate  XXin. 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited,  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  wiU  be  published  in  a 
subsequent  number  of  Proceedings^  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  TVansactions, 
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At  the  intake,  the  water  is 
controlled  by  a  large  slnice- 
gate,  operated  in  the  nsual  man- 
ner, with  racks,  pinions  and 
handwheel. 

At  the  settling  basin.  Fig.  4, 
the  pipe  enters  a  well  where  the 
water  is  either  diverted  into  a 
24-in.  by-pass,  by  shutting  down 
a  large  wooden  sluice-gate,  or 
allowed  to  flow  through  the 
basin.  The  opening  between 
this  well  and  the  basin  is  5  ft.  in 
diameter,  and  is  built  in  the  con- 
crete wall  dividing  the  well  from 
the  basin. 

The  water  entering  the  set- 
tling basin  passes  through  two 
sets  of  screens  extending  across 
the  basin  and  through  a  48-in.  3 
sluice-gate  into  the  44-in.  pipe, 
the  first  of  a  series  of  44  and 
42-in.  wood  and  steel  pipes  lead- 
ing direct  to  the  high-service 
reservoir  in  the  city. 

There  are  only  two  connec- 
tions with  this  line;  one  24-in. 
connection  leading  to  Beacon 
Hill  Beservoir  (which  was  the 
reservoir  used  ip  connection 
with  the  old  pumping  system), 
and  one  36-in.  connection  lead- 
ing to  the  low-service  reservoir. 
Neither  of  these  connections  is 
in  use  at  the  present  time. 

The  settling  basin  is  80  ft. 
long  (including  the  well),  25  ft. 
wide  and  18  ft.  deep.     It  is  in- 
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tended  for  aepArating  anj  foreign  matter  which  may  pasn  through 
the  racks  at  the  intake,  and  ia  arranged  with  a  bj-paBs,  bo  that  it 
ia  not  neoesBarj  to  shut  down  the  line  while  the  basin  and  Bcreens 
are  being  cleaned.  It  is  drained  through  three  24-ia.  Bluica-gatea, 
which  discharge  into  three  caat-iron  pipea  oonneoting  with  a  common 
drain  tnnnel.  There  ia  also  a  3-in.  valve  connecting  with  the  24-in. 
bjr.pasa,  and  a  drain  tile  connecting  with  a  anbaoil  drain  snrrotinditig 


the  fonndation,  which  also  drains  into  this  tnnnel.  The  qnantity  of 
water  coming  from  this  drain  tile  and  from  the  3-in,  valve  was  ao 
amall  that  the  proportion  coming  from  ontside  the  basin,  through 
the  drain  tile,  haa  not  been  taken  into  account.  The  drain  tnnnel 
is  rectangular  in  aeotion,  with  an  arched  roof  built  of  concrete,  3  ft. 
wide  and  5  ft.  high  ineide.  During  these  experimenta  it  was  im- 
possible to  prevent  leakage  through  these  drain  valves.    The  quantity 
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was  measured  with  a  weir  at  the  mouth  of  the  drain  tunnel,  and  allowed 
for.  From  the  settling  basin  the  water  passes  into  the  following  pipes 
conseoutivelj : 

71  262  ft.  of  44-in.  stave-pipe; 

5  405     "     42-in.  stave-pipe; 

8  982     "     42-in.  steel  pipe  across  Black  Biver  Valley,  where 

the  maximum  pressure  is  about  470  ft. ; 
13  503     *'     42-in.  stave  pipe; 

16  545     **     4^-in.  steel  pipe,  crossing  Dunlap*s  Canon; 
18  163     ''     42-in.  stave  pipe; 

6  385     *'      42-in.  steel  pipe  crossing  a  low  divide  in  the  hill 

above  the  city; 

7  687     "     42-in.  stave  pipe  to  the  high-service  reservoir. 
Making  in  all : 

1  section  of   2  679  ft.  of  54-in.  stave  pipe. 

1       *'        **  71 262     **     44-in. 

4  sections  "  44  758     "     42-in.  ** 

3       **        **  31 912     **     42-in.  steel  pipe. 

Total. ...  150  611  ft.,  or  28.52  miles. 

The  following  are  the  principal  elevations : 

Crest  of  dam 536        ft. 

Crest  of  weir  at  high-service  reservoir 421.33 


(( 


Total  friction  head 114.67    ft. 

Average  per  1  000  ft 0.761  ** 

It  had  been  the  intention,  originally,  to  take  such  measurements  as 
would  make  it  possible  to  determine  the  loss  of  head  in  each  of  the 
different  kinds  of  pipe,  but,  owing  to  the  impossibility  of  measuring 
the  discharge  at  any  point  in  the  line  except  at  the  head  works,  and 
the  fact  that  there  was  considerable  leakage  at  several  points  along  the 
line,  the  writer  concluded  to  confine  his  experiments  to  the  two  sizes 
of  pipes  near  the  head  works,  viz.,  the  54-in.  pipe  leading  from  the 
dam  to  the  settling  basin,  and  the  44-in.  pipe  leading  out  of  the  settl- 
ing basin  for  a  distance  of  about  4  200  ft.  These  two  lengths  being 
nearest  the  point  of  measurement,  and  under  comparatively  light 
pressure,  there  would  be  less  danger  of  leakage,  and  it  was  possible  to 
measure  the  loss  of  head  with  open  piezometer  tubes. 
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HOOK  GAUGE. 


Location  of  Piezometers. — The  question  of  the  proper  location  of  the 
connections  with  the  piezometer  tubes  involved  a  study  of  the  prob- 
able conditions  affecting  the  results  of  the  experiments. 

It  was  desirable,  in  the  first  place,  to  make  the  distance  between 
piezometers  as  great  as  possible,  in  order  to  reduce  to  a  minimum  errors 
in  piezometer  heights  from  various  causes.  It  was  of  importance 
to  locate  the  lower  piezometer  on  the  44-in.  pipe  so  that  the  widest 
range  of  hydraulic  grade  could  be  obtained.  It  was  also  desirable  to 
locate  the  piezometers  where  the  pipe  was  of  uniform  section,  and 
nearest  the  average  diameter.  This,  however,  was  a  blind  guess,  as  it 
was  impossible  to  make  an  examination  of  the  inside  of  the  pipes  at 
that  time.  The  writer  was  fortunate  in  this  respect,  as,  by  an  exami- 
nation made  two  months  later,  it  was  found  that  the  piezometers  could 
not  have  been  placed  to  much  better  advantage. 

Piezometer  No.  1,  the  upper  one  on  the  54-in.  pipe,  was  located  232 
ft.  from  the  intake.     (See  Figs.  1  and  3.  and  Plate  XXIY,  Fig.  1.) 

The  lower  piezometer  heights,  for  the  44-in.  pipe,  were  taken  in  the 
well  with  a  hook-gauge,  Fig.  5.     This  well  is  5x7  ft. 
and  19  ft.  deep  inside.     The  measurements  for  flow 
were  taken  with  a  current  meter,  from  a  platform  sus- 
pended in  the  well  at  the  opening  from  the  pipe. 

After  taking  the  first  series  of  observations  on  the 
54-in.  pipe  (from  1  to  11,  inclusive),  the  writer  had 
some  suspicion  that  the  hook-gauge  reading  did  not 
give  the  true  piezometer  height,  and  decided  to  attach 
a  piezometer  some  distance  back  of  the  well  and  take 
two  observations,  one  at  the  lowest  and  one  at  the 
highest  hydraulic  gradient  "used  in  the  experiments. 
This  piezometer  (Piezometer  A,  see  Figs.  1  and  3)  was 
located  47.5  ft.  from  the  inside  face  of  the  well. 

The  hook-gauge  was  made  with  brass  fittings,  the 
rod  being  a  seamless  drawn-brass  tube.  The  hook  was 
of  steel,  with  the  point  hardened.  The  gauge  was 
fastened  to  the  well  curb.  The  hook  extended  into  a 
wooden  box  which  protected  the  surface  of  the  water 
from  the  fluctuations  prevailing  in  the  well.  As  the 
temperature  during  the  experiments  did  not  vary 
more  than  10^,  the  changes  in  the  length  of  the  rod 
were  not  sufficient  to  be  taken  into  account. 
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Piezometer  No.  2  waa  located  on  the  M-in.  pipe,  150.6  ft.  dova 
stream  from  tlie  inside  wall  of  the  basin.  (See  Figs.  2  and  3,  and 
PlateXXIV,  Fig. -2.) 

Piezometer  No.  3  was  located  on  the  44-in.  pipe,  4  041  ft.  dowa 
stream  from  Piezometer  No.  2,  on  the  crest  of  the  bank  above  the 
river  raUej.     (See  Figs.  2  and  3,  and  Plate  XXIY,  Fig.  3.) 

Ik»eripHon  o^  PUiometen. — To  determine  what  resistance,  if  any, 
there  was  in  the  fittings,  in  the  lengths  of  pipe  experimented  upon, 

OIFFEREMCE  G* 


an  oil  differential  gange.  Fig.  6,  bad  been  oonHtTiioted  to  determine 
verj  slight  differences  of  pressure.  One  side  of  this  gange  was  de- 
tached,  and  the  glass  tube  and  fittings  were  attached  to  another  board 
with  a  separate  scale.  As  only  two  piezometers  were  required  at  any 
one  time,  these  two  tubes  answered  for  all  purposes.  The  glasses 
were  f  in.  ontside  diameter,  5  ft.  long  in  the  clear,  monnted  in  com- 
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mon,  boiler-gauge  fittings,  on  a  IJ-in.  board.  Each  lover  fitting  vas 
connected  with  10  ft.  of  J-in.  hose.  The  hose  was  connected  to  a  J-in. 
corporation  cock  screwed  into  a  suitable  hole  bored  into  the  wood 
pipe. 

Attachment  of  Piezometers, — Instead  of  boring  the  hole  (for  insert- 
ing the  corporation  cock)  completely  through  the  pipe,  and  thus  mak- 
ing a  sharp  and  splintered  edge,  the  bit  was  withdrawn  as  soon  as  the 
screw  had  passed  through  into  the  interior  of  the  pipe.  This  left  a 
clean  hole,  about  -^  in.  in  diameter,  entirely  free  from  any  internal 
projection.  (See  Plate  XXY,  Figs.  1  and  2.)  These  holes  were  after- 
ward examined  on  the  inside  of  the  pipe,  and  found  to  be  free  from 
any  projection. 

All  holes  were  bored  with  a  gauge  which  kept  the  bit  perpendicular 
to  the  out.er  surface  of  the  pipe. 

Levels  of  Piezometers. — As  it  was  not  possible  to  shut  down  the 
gravity  system,  except  from  the  head  works,  it  was  impossible  to 
ascertain  the  static  head  at  the  severiil  piezometers,  except  by  leyeling. 

To  determine  the  heights  of  zero  on  each  piezometer  scale,  levels 
were  run  by  three  different  observers,  and  the  average  of  the  two 
which  agreed  most  nearly  was  taken  as  correct.  The  greatest  differ- 
ence between  any  two  observers  was  0.015  ft.  The  probable  error  is 
not  over  0.007  ft.  The  least  hydraulic  gradient  experimented  upon 
was  0.342  ft.,  so  that  the  greatest  possible  error  from  this  cause  was 
about  2  per  cent. 

MeasuremeTit  of  Flow. — There  was  no  choice  as  to  the  method 
to  be  used  for  measuring  the  discharge.  No  provision  for  metering 
the  water  was  made  when  the  system  was  planned,  except  a  sharp- 
crested  weir  which  had  been  provided  in  the  gate-house  of  the  high- 
service  reservoir  at  the  discharge  end  of  the  line. 

In  any  case,  this  weir  would  not  answer  for  measuring  the  discharge 
at  the  intake  end  of  the  line,  where  it  was  necessary  to  carry  on  the 
experiments  in  order  to  get  as  wide  a  range  of  friction  head  as  possi- 
ble, as  the  quantity  of  leakage  in  the  long  length  of  pipe  was  an 
uncertain  factor. 

The  measurements  for  discharge  were  made  with  Haskell's  current 
meter  C,  having  a  7^-in.  wheel,  with  the  ordinary  holding  rod  15  ft. 
long,  and  the  regular  electrical  connections,  provided  with  a  tele- 
graph sounder.  Fig.  4  shows  the  well.  The  general  arrangements 
for  holding  the  meter  in  position  are  shown  in  dotted  lines. 
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A  platform  was  hung  in  the  well  just  above  high-water  level, 
leaving,  next  to  the  wall,  an  open  space  containing  the  pipe  opening, 
about  1  ft.  wide.  On  this  platform  was  laid  a  track  of  two  angle 
irons  planed  on  their  upper  edges.  This  track  was  carefully  leveled, 
and  laid  parallel  to  the  face  of  the  wall  and  perpendicular  to  the  axis 
of  the  pipe.  For  the  track,  a  carriage  was  constructed  to  which  was 
attached  a  framework  to  hold  the  meter  rod  in  position  and  allow 
the  desired  vertical  and  horizontal  movements  of  the  meter — the 
horizontal  movement  being  obtained  from  the  motion  of  the  carriage 
on  the  track,  and  the  vertical  motion  from  the  movement  of  the  meter 
rod  in  a  vertical  groove  in  the  front  of  the  frame. 

It  was  found  that  the  carriage  could  not  be  made  sufficiently 
snuJl  to  give  the  amount  of  travel  necessary  to  get  the  two  extreme 
velocity  readings  of  the  horizontal  diameter  of  the  opening,  thus 
covering  only  47  out  of  49  readings  for  the  whole  area  of  the  opening. 
To  the  top  of  the  meter  rod  was  clamped  a  block  of  wood,  6  ins.  wide 
and  18  ins.  long,  near  the  top  of  which  was  a  hole  for  inserting  a  pin 
used  to  hold  the  meter  and  carriage  in  position  on  the  board,  while 
taking  each  velocity  reading.  The  front  face  of  this  block  was  placed 
on  the  meter  rod  exactly  at  right  angles  to  the  axis  of  the  meter 
wheel,  so  that,  when  held  in  position  against  the  guide  board,  the 
axis  of  the  wheel  would  be  parallel  to  the  axis  of  the  pipe. 

The  guide  board,  Fig.  7,  was  made  of  1-in.  D.  and  M.  flooring, 
5  ft.  square,  braced  on  the  back  and  fastened  to  the  curb  of  the  well 
in  such  a  position  that,  when  the  wheel  was  in  the  center  of  the 
opening,  the  pin  in  the  top  of  the  block  would  be  approximately  in 
the  center  of  the  board.  A  blank  wheel,  1  in.  larger  in  diameter  than 
the  meter  wheel,  was  then  put  on  the  spindle  of  the  meter,  and  the 
meter,  with  the  rod,  etc.,  was  put  into  place.  The  blank  wheel  was 
then  brought  up  Against  the  inside  surface  of  the  opening  at  various 
points  on  its  circumference,  and  the  corresponding  points  on  the 
board  were  plotted  from  the  hole  in  the  block.  Through  these  points 
a  circle  was  drawn,  which  was  the  line  for  the  outer  set  of  holes  to  be 
used  in  locating  the  meter  for  the  velocity  readings. 

From  this  circle,  the  outside  circumference  of  the  pipe,  as  pro- 
jected on  the  board,  was  located,  and  the  center  and  four  diameters 
were  drawn.  This  projected  area  of  the  opening  was  then  divided 
into  four  concentric  rings   (including  the  center),  and  a  circle  was 
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drawn  in  the  center  of  each  ring;  the  holes  for  the  velocity  readings 
being  all  spaced  on  these  circles,  the  velocity  readings  would  be 
taken  in  the  center  of  each  ring.  The  average  of  the  velocity  readings 
inside  of  each  ring  was  calculated  separately  and  mxQtiplied  by  the 
area  of  the  corresponding  ring,  to  determine  its  discharge,  the  sum 
of  the  discharges  of  the  separate  rings  making  the  total  discharge 
through  the  opening. 

GUIDE  BOARD 


The  spacing  of  these  holes  on  the  circles  was  first  made  on  four 
diameters,  and  the  intervening  spaces  between  the  diameters  were 
filled  in  at  regular  intervals,  making  in  all  47  holes,  not  counting  the 
two  holes  at  the  ends  of  the  horizontal  diameter,  which  could  not  be 
used. 
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The  area  of  the  opening  is  19.533  sq.  ft.,  which  is  not  the  same  as 
the  area  of  the  end  of  the  pipe  (16.605  sq.  ft.),  as  the  pipe  does  not 
extend  to  the  well,  within  8  ins.,  but  is  the  same  as  the  outside  area 
of  the  pipe. 

Before  everything  was  in  working  order,  it  was  found  that  some 
part  of  the  frame  or  platform  had  sprung  sufficiently  to  misplace  the 
meter  abou<t  1  in.,  so  that  when  the  pin  was  placed  in  the  outer  holes 
on  the  left  side  of  the  guide  board,  the  meter  would  foul,  making  it 
necessary  to  bore  several  new  holes  on  this  side  nearer  the  center  of 
the  circle.  This  misplaced  all  other  holes  1  in.  It  was  assumed  that 
this  would  not  affect  seriously  the  general  average  of  the  discharge 
measurements;  it  was,  in  fact,  an  advantage  to  have  the  velocity 
readings  taken  closer  to  the  left  of  the  opening,  as  the  velocity  was 
higher  on  this  side  on  account  of  a  curve  to  the  right  about  50  ft. 
back  of  the  well. 

The  current  meter  was  rated  both  before  and  after  the  experiments. 
The  rating  before  the  experiments  was  not  very  satisfactory,  on 
account  of  surface  currents.  The  second  rating  was  made  under 
more  favorable  conditions,  and  the  boat  was  run  twice  in  opposite 
directions  over  the  same  course  at  each  velocity. 

Two  minutes  were  occupied  in  each  velocity  reading  at  the  well: 
One  minute  for  counting  the  sounder  and  one  for  changing  the 
position  of  the  meter  rod  to  the  next  hole. 

In  order  to  determine  whether  it  would  be  necessary  to  take 
readings  from  all  the  holes  on  the  guide  board,  an  observation  was 
taken  first  at  the  lowest  velocity,  with  a  reading  at  every  hole  on  the 
guide  board  (with  the  exception  of  the  two  at  the  extremities  of  the 
horizontal  diameter).  The  order  of  taking  readings  was  as  follows: 
1,  3,  5,  0,  7,  9,  11;  2,  4,  6,  0,  8,  10,  12;  16,  19,  21,  0,  89,  37,  33;  47, 
49,  0,  30,  28;  13,  14,  18,  16,  17,  20,  22,  23,  27,  25,  26,  29,  31,  32,  36,  34, 
35,  38,  46,  41,  42,  45,  44,  48. 

This  order  of  talcing  readings  was  maintained  in  all  subsequent 
observations. 
The  discharge  at  the  opening  from  all,  or  50, 

readings  was 36.529  cu.  ft.  per  second. 

From  two  diameters,  or  14  readings  (1,  3,  5, 

0,  7,9,  11 ;  2,  4,  6,  0,  8,  10,  12),  was 36.621 

From  one  diameter,  or  7  readings  (1,  3,  5,  0, 

7,  9,  11),  was 36.614 
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From  one  diameter,  or  7  readings  (2,  4,  6,  0, 

8,  10,  12),  was 36.644  en.  ft.  per  second. 

A  difference  of  0. 2%  in  favor  of  two  diameters. 

A  similar  comparison  was  made  in  Observations  5  and  6  on  the 
44-in.  pipe: 

From  all,  or  50,  readings 43.059  en.  ft.  per  second. 

From  two  diameters,  or  14  readings. 43.355        "  ** 

A  difference  of  0.7^  in  favor  of  two  diameters. 

In  Observations  9  and  10,  on  the  44-in.  pipe: 

From  all,  or  50,  readings 49.655  en.  ft.  per  second. 

From  two  diameters,  or  14  readings 50.089        **  ** 

A  difference  of  0.86%  in  favor  of  two  diameters. 

The  percentage  of  difference  would  seem  to  increase  with  the  in- 
crease of  velocity  of  discharge.  As  these  percentages  are  within  the 
limit  of  probable  error  of  the  meter,  no  conclusion  in  this  respect  can 
be  drawn. 

All  other  observations  were  taken  from  the  two  diameters,  1,  3,  5, 
0,  7,  9,  11  and  2,  4,  6,  0,  8,  10, 12,  drawn  45°  from  the  horizontal.  The 
conditions  under  which  these  experiments  were  conducted  did  not  make 
it  possible  to  take  the  time  necessary  to  take  readings  from  every  hole 
in  all  the  22  observations. 

Observation  4  was  a  repetition  of  Observation  3,  on  the  54-in.  pipe, 
the  readings  for  velocity  being  taken  from  two  diameters  in  each 
case. 

The  discharge  in  these  two  observations  was  49.222  and  48.869  cu. 
ft.  per  second,  respectively — a  difference  of  0.7  per  cent. 

Plan  of  Conducting  Experiments, — Each  set  of  experiments  required 
readings  to  be  taken  at  three  points.  In  the  experiment  on  the  54-in. 
pipe,  one  observer  was  stationed  at  Piezometer  No.  1,  and  two  in  the 
well,  one  for  taking  readings  for  the  meter  and  one  at  the  hook-gauge. 
One  assistant  was  required  for  manipulating  the  meter. 

The  meter  readings  and  hook-gauge  readings  were  taken  every  two 
minutes  and  the  piezometer  readings  every  minute.  No  attempt  was 
made  to  take  the  different  readings  of  the  piezometer  heights  at  the 
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same  instant,  though  they  were  all  taken  during  the  same  interval  of 
time.  Before  beginning  each  observation,  the  watches  were  compared 
and  put  approximately  together. 

The  plan  for  the  44-in.  was  the  same  as  for  the  54-in.  pipe  experi- 
ments, except  that  the  hook-gauge  readings,  in  the  well,  were  no 
longer  necessary,  and  were  only  taken  occasionally,  to  determine  the 
amount  of  fluctuation,  if  any,  in  the  height  of  water  in  the  basin,  and 
to  check  the  height  of  Piezometer  No.  2.  One  observer  attended  to 
this  and  also  took  occasional  readings  of  head  on  the  waste  weir. 

Regulation  of  Flow. — The  minimum  flow  in  each  case  was  regulated 
by  the  normal  capacity  of  the  gravity  system.  No  material  reduction 
in  this  quantity  could  be  made  without  drawing  the  hydraulic  grade 
line  below  some  of  the  summits,  located  from  4  to  15  miles  below  the 
settling  basin.  The  height  of  water  could  be  reduced  on  the  highest 
summit  about  5  ft.  The  height  determined  the  maximum  discharge, 
in  each  pipe,  that  could  be  obtained  during  the  experiments. 

The  flow  was  regulated,  during  the  54-in.  pipe  experiments,  from 
one  of  the  24-in.  sluice-gates  draining  the  basin. 

In  the  44-in.  pipe  experiments,  the  flow  was  regalated  by  opening 
two  6-in.  blow-off's  located  in  the  valley  a  short  distance  below  Pie- 
zometer No.  3,  it  being  found  necessary  to  open  two  blow-offs  in  order 
to  get  the  maximum  flow  allowable. 

During  Observations  1  to  7,  inclusive,  the  48-in.  sluice-gate,  at  the 
entrance  of  the  44-in.  pipe,  was  open  about  9  ins.  The  sluice-gate 
was  kept  partly  closed,  in  order  to  bring  the  hydraulic  g^ade  within 
the  level  of  Piezometer  No.  3. 

During  Observations  8  to  11,  inclusive,  the  sluice-gate  was  wide 
open. 

Size  and  Condition  of  Pipes. — Until  two  months  after  the  experi- 
ments were  made,  when  that  portion  of  the  pipes  experimented  upon 
was  carefully  examined,  nothing  was  known  of  the  condition  of 
the  interior.  The  writer  was  assured  that  there  were  no  appreciable 
distortions,  and  that  the  pipe  had  been  measured  at  intervals  by  the 
inspector,  and  found  to  be  all  right. 

To  be  able  to  have  some  definite  knowledge  of  the  condition  of  the 
interior,  and  determine  the  average  size,  beyond  question,  the  writer, 
with  one  of  the  city  draughtsmen,  Mr.  Plachy,  measured,  at  regular 
intervals  of  100  ft.,  the  vertical  and  horizontal  diameters.     Dimen- 
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sions  were  also  taken  in  the  54-in.  pipe,  at  some  intermediate  points 
where  the  distortion  was  excessive. 

The  interior  of  the  64-in.  pipe  was  badly  distorted  in  places,  as 
is  shown  in  Fig.  8,  the  profile  of  the  vertical  and  horizontal  diam- 
eters being  shown.  This  distortion  is  accurate  only  at  each  100-ft. 
station. 

Fig.  9  shows  the  profile  of  the  area.  The  average  diameter  was 
calculated  by  adding  the  averages  to  the  vertical  and  horizontal 
diameters  of  each  station  and  dividing  by  the  number  of  stations. 

The  areas  calculated  from  the  average  of  the  vertical  and  horizontal 
diameters  is  equivalent  to  the  area  of  an  ellipse  of  the  same  diameters. 
The  assumption  that  the  distortion  is  in  the  form  of  an  ellipse  is  only 
approximately  correct,  as  the  top  and  bottom  assume  a  flatter  shape 
when  distorted  by  earth  pressure.  The  error  from  this  cause  would  be 
very  slight. 

There  was  no  rupture  in  the  pipe,  due  to  distortion,  except  at  one 
point  where  the  pipe  evidently  rested  on  a  stone  which  had  bulged  in 
the  bottom  of  the  pipe  for  the  width  of  two  or  three  staves  and  splint- 
ered one  stave  slightly  on  the  inside.  Judging  from  the  appearance 
of  the  interior,  the  writer  does  not  believe  that  there  was  any  consid- 
erable leakage  due  to  distortion,  and,  from  the  nature  of  the  ground, 
any  leakage  that  would  affect  the  results  would  be  seen  from  the  outside 
in  the  form  of  springs. 

The  maximum  difference  between  the  horizontal  and  vertical  diam- 
eters at  any  one  station  in  the  54-in.  pipe  was  1. 187  ft. ;  the  minimum 
average  diameter  at  any  one  station,  4.343  ft.,  and  the  maximum  aver- 
age diameter  at  the  well,  4.605  ft. 

The  maximum  difference  between  the  vertical  and  horizontal  diam- 
eters in  the  44-in.  pipe  was  0.448  ft.;  the  maximum  average  diameter 
at  any  one  station,  3.736  ft. ;  the  minimum,  3.672  ft. 

There  was  some  growth  on  the  interior  of  the  54-in.  pipe,  in  the 
nature  of  SpongiUa,  The  whole  interior  surface,  with  the  exception 
of  the  bottom,  had  scattering  bunches  of  this  little  sponge-like  sub- 
stance, which  required  something  of  an  effort  to  remove.  They  pro- 
jected from  the  interior  surface  of  the  pipe  about  -rs  in-»  ancL  each 
occupied  a  space  of  about  {  sq.  in.  This  growth  seemed  to  be  thickest 
on  the  top,  and  was  absent  on  the  bottom.  The  44-in.  pipe  was  entirely 
free  from  any  growth.     The  interior  surface  was  very  smooth,  and  the 
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distortion  very  little,  except  in  comparatively  soft  ground — indicating 
lack  of  care  in  tamping. 

The  pipes  had  been  in  nse  about  one  year  when  this  examination 
was '  made.  That  this  growth  should  be  in  the  54-in.  pipe  and  not 
at  all  in  the  44rin.  pipe  is,  perhaps,  due  to  the  difference  in  Telocity, 
in  the  former  pipe  the  velocity  being  2.282  ft.  per  second,  and  8.464 
ft.  per  second  in  the  latter,  under  nominal  conditions.  It  is  not 
likely  that  the  SpongUla  could  get  lodgment  as  readily  with  the 
higher  velocity,  or,  it  may  be  that  the  settling  basin,  being  a  break  in 
the  continuity  of  the  pipe,  prevented  them  from  spreading  to  the 
44-in.  pipe. 

There  is  no  question  that  this  growth  will,  in  time,  reduce  the 
discharging  capacity  of  the  64-in.  pipe,  and  more  especially  will  it 
reduce  the  discharge  of  the  smaller  pipes,  should  it  get  lodgment  in 
them. 

DescripHan  of  Tables. — Table  No.  1  shows  the  principal  data  from 
the  64-in.  pipe  experiments. 

Observations  1  to  11,  inclusive,  were  taken  to  determine  the  loss  of 
head  and  the  velocity  of  flow,  within  the  greatest  range  of  level  in  the 
basin  that  it  was  possible  to  obtain. 

In  Observations  1,  3,  4,  5,  6,  7,  8,  9  and  10,  the  piezometer  heights 
are  the  average  of  29  readings,  with  1-minute  intervals,  and  the 
current-meter  readings  were  taken  on  two  diameters,  each  read- 
ing for  velocity  being  taken  for  1  minute,  with  2-minute  intervals. 
The  hook-gauge  height  is  the  average  of  15  readings,  with  2-minute 
intervals. 

Observation  2  was  taken  in  the  same  manner,  except  that  there 
were  50  hook-gauge  and  meter  readings  and  101  piezometer  readings. 

Observations  12  and  13  were  taken  without  current-meter  measure- 
ments, and  with  15  readings  each  of  Piezometer  No.  1  and  Piezometer 
A  and  the  hook-gauge. 

Columns  5,  7,  9  and  11  show  the  sums  of  the  average  readings 
in  Columns  4,  6,  8  and  10,  respectively,  and  the  elevations  given 
in  the  heading,  and  are  the  average  elevations  of  the  piezometer 
heights. 

Section  1  includes  the  connections  between  the  water  above  the 
dam  and  Piezometer  No.  1.  Section  2  iD  eludes  the  pipe  between  Pie- 
zometer A  and  the  well.  Section  3  includes  the  pipe  between  Piezometer 
No.  1  and  the  well. 
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The  reading  of  the  g^oge  board  above  the  dam  cannot  be  considered 
very  accurate,  as  the  smallest  subdivision  was  3  ins.  It  was  taken  to 
show  by  the  observed  entry  head  (Column  14)  what  error,  if  any,  there 
might  be  in  the  heights  of  Piezometer  Ko.  1. 

Obeerred 
en^  head. 

Observation  12. 0.114 

Observation  13 0.372 

This  would  indicate  that  the  error  in  the  height  of  Piezometer  No. 
1  was  very  slight,  if  any;  probably  less  than  could  be  observed  on  the 
gauge  board,  as  a  part  of  this  resistance  must  have  been  due  to 
resiBtanoe  at  the  entrance. 

Column  19  shows  the  sum  of  Columns  17  and  18.  Column  20  shows 
the  quotient  of  Column  19  divided  by  the  length  given  in  the  heading 
and  multiplied  by  1  000.  Columns  21  to  24,  inclusive,  give  the  aver- 
age velocity  in  each  of  the  three  rings  and  the  c^iter  of  the  opening  at 
the  well.  Column  25  gives  the  average  velocity  through  the  average 
section  of  the  pipe,  which  is  always  larger  than  the  average  velocity  at 
the  opening,  as  the  opening  where  the  current-meter  measurements 
were  taken  is  larger  than  the  average  section  of  the  pipe. 

Columns  26,  27,  28  and  29  show  the  discharge,  in  cubic  feet  per  sec- 
ond, of  the  respective  rings  of  the  opening,  and  Column  30  the  total 
discharge,  which  is  the  sum  of  Columns  26,  27,  28  and  29. 

Table  No.  2  shows  the  principal  data  from  the  44-in.  pipe  experi- 
ments. In  these  experiments  there  were  only  two  sections  of  pipe: 
Section  4,  from  the  well  to  Piezometer  No.  2,  and  Section  5,  from  Pie- 
zometer No.  2  to  Piezometer  No.  3. 

In  Observations  1  to  7,  inclusive,  the  sluice-gate  at  the  entrance 
to  the  44-in.  pipe  was  open  only  9  ins.,  causing  the  excessive  resistance 
shown  in  Column  13. 

During  Observations  8  to  11,  inclusive,  the  sluice-gate  was  wide 
open,  showing  the  resistance  at  the  entrance  to  be  very  slight,  as  this 
also  includes  the  resistance  in  the  basin  and  in  the  conduit  from  the 
well  to  the  basin. 

The  current-meter  measurements  were  made  at  the  same  place  and 
under  the  same  system  as  for  the  54-in.  pipe,  except  that  from  the 
total  discharge  is  taken  the  waste  water  from  the  settling  basiu. 
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Golnmns  27  and  28  g^ye  the  final  results  of  velooity  and  loss  of 
head. 

Reliability  (^Results, — In  condnoting these  experiments,  the  writer 
has  endeavored  to  eliminate,  so  far  as  oironmstanoes  wonld  allow,  all 
sources  of  error,  and  confine  the  probable  error  within  the  limit  that 
this  method  of  measurement  ought  to  give.  He  has,  in  some  oases, 
perhaps,  gone  to  more  pains  than  necessary  in  order  that  the  reader 
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may  understand  clearly  the  conditions  under  which  the  experiments  were 
conducted.  If  there  has  been  any  coi^iderable  error  for  which  he  has 
not  allowed,  it  is  to  be  hoped  that  it  will  be  brought  out  in  the  dis- 
cussion. The  current-meter  measurements  are  undoubtedly  within 
2%  of  the  correct  value,  and  the  observations  for  loss  of  head  are 
within  1  per  cent.     The  size  of  the  pipe  is  obtained  from  so  many 
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separate  measurements,  48  in  the  54-in.  pipe  and  100  in  the  44-in. 
pipe,  fchat  the  probable  error  in  the  average  size  of  the  pipe  must  be 
very  small. 

Care  was  taken  to  gnard  against  the  acenmnlation  of  air  in  the 
connections  between  the  piezometer  tabes  and  the  main  pipe.  That 
there  was  no  considerable  error  in  this  respect  is  evident  from  the 
conformity  of  the  individual  observations  to  one  line  (see  Fig.  10),  with 
the  possible  exception  of  Observation  11  on  the  64-in.  pipe. 

All  observations  of  velocity  are  within  1%  of  this  line,  except  Ob- 
servation 11,  which  is  within  2  per  cent. 

The  very  slight  difference  between  the  calculated  and  observed 
velocity  head  at  the  entrance  of  the  54  and  44-in.  pipes  proves  the 
accuracy  of  the  piezometer  heights  at  Piezometers  Nos.  1  and  2.  The 
height  in  the  well  is  checked  by  the  height  at  Piezometer  A. 

Chmparison  with  Other  Experiments, — So  far  as  the  writer  has  been 
able  to  learn,  all  the  available  data  regarding  the  loss  of  head  in  wood 
pipes  are  as  follows: 

1. — By  James  D.  Schuyler,  M.  Am.  Soc.  C.  E.,  on  a  80-in.  pipe  line  at 
Denver,  Colo.,  the  details  of  which  are  not  available.    The  value 
of  n,  in  Kutter's  formula,  is  given  as  0.0096. 
2. — By  Mr.  Fred  B.  Gutillius,  on  the  24-in.  pipe  of  the  Butte  City 
Water  Company,  in  which  he  confirms  the  use  of  0.01  as  the 
value  of  n,  in  Kutter's  formula. 
8. — By  Arthur  L.  Adams,  M.  Am.  Soc.  C.  E.,  on  an  18-in.  pipe  for  the 
City  of  Astoria,  Ore.     The  details  of  this  experiment  are  given. 
The  results  show  a  value  of  n  of  0.01,  and  c  ==  132.9.     Only  one 
observation  was  taken  at  a  velocity  of  3.605  ft.  per  second. 
4. — ^By  Arthur  L.  Adams,  M.  Am.  Soc.  C.  E.,  on  a  14-in.  pipe  for  the 
West  Los  Angeles  Water  Company.     In  all,  there  were  seven 
observations,  the  velocity  varying  from  0.691  to  1.531  ft.  per 
second;  value  of  c,  from  99  to  113;  value  of  n,  about  0.011. 
5. — By  Messrs.  Marx,  Wing  and  Hoskins,  on  the  72-in.  pipe  of  the 
Pioneer  Power  Plant,  at  Ogden,  Utah.     This  is  by  far  the  most 
complete  and  satisfactory  set  of  experiments  yet  conducted  to 
determine  the  loss  of  head  in  wood  pipe.     The  results  have  been 
fully  written  about  and  discussed.* 
6. — By  the  writer,  on  44-in.  pipe,  as  described  in  this  paper. 
7. — By  the  writer,  on  54-in.  pipe,  as  described  in  this  paper. 

*  Tran»€u:tiont ,  Am.  Soc.  C.  E.,  Vols,  xl  and  adlv. 
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In  Experiments  Nob.  I  and  2,  of  the  foregoing  list,  no  deti^led  in- 
formation is  available  as  to  the  circumstances  and  conditions  nnder 
which  the  experiments  were  conducted,  and  in  No.  3  no  range  of 
velocities  was  experimented  upon. 

The  only  data  (so  far  as  the  engineering  public  is  aware)  which  can 
be  taken  as  criteria  for  the  loss  of  head  in  wood  pipe  are  those  con- 
tained in  Experiments  Nob.  4,  5,  6  and  7,  on  14-in.,  44-in.,  54-in.  and 
72-in.  pipes,  respectively.  The  range  of  velocities  experimented  upon 
in  the  U-in.  and  44-in.  pipes  is  not  as  much  as  would  be  desired,  and 
there  is  a  wide  gap  from  the  14-in.  to  the  44-in.  pipe,  and  from 
the  54-in.  to  the  72-in.  pipe.  It  cannot  be  said,  so  far  as  this  informa- 
tion goes,  that  there  is  any  very  close  conformity  in  the  results,  except 
in  the  two  larger  sizes,  which  agree  fairly  well;  but  it  is  difficult  to 
see  wherein  they  conform  with  the  results  on  the  44-in.  pipe;  At  leasts 
no  general  law  can  be  formulated  that  would  seem  to  apply  to  all 
sizes,  without  the  use  of  a  coefficient  having  arbitrary  values  for  the 
different  sizes  of  pipe. 

Fig.  11,  showing  the  relation  between  velocity  head  and  friction 
head,  includes  only  the  1897  experiments  made  on  the  72-in.  wood 
pipe  at  Ogden.  To  avoid  unneceBsary  complication,  the  other  two 
experiments  are  not  giv^n.  This  experiment  was  chosen  because  at 
that  time  the  age  of  the  pipe  was  more  nearly  comparable  with  the  age 
of  the  other  pipes  experimented  upon. 

It  will  be  seen  from  Fig.  10  that  in  all  these  experiments  the  velo- 
city head,  as  compared  with  the  friction  head,  conforms  very  closely 
to  a  straight  line.  The  evidence  is  very  strong  that  a  formula  based 
upon  this  hypothesis  is  correct,  as  it  most  nearly  fits  the  experiments 
BO  far  conducted.  Starting  with  this  assumption,  the  equations  for  the 
different  sizes  of  pipe  become: 

14-In,  Pipe: 

Let  H  =  Friction  head,  in  feet ; 

k  =  Velocity  head,  in  feet  per  1  000  ft. ; 
V=i  Velocity,  in  feet  per  second. 
5  =17.00  A -f.  0.0202 


h=^ 


^9 


^=-^^-^-^^^^ 


F=  1.9463  V  ^  —  0.0202 (1) 
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Fio.  11. 

On  the  diagram.  Fig.  11,  the  curyes  for  these  several  equations 
(1,  2,  3  and  4),  of  the  relation  between  Fand  /7,  have  been  plotted. 
The  curves,  of  course,  show  the  same  conformity  to  the  individual 
observations  as  in  Fig.  10,  and  will  give  correct  results  for  the 
individual  sizes  of  pipe,  within  the  range  of  the  experiments  on  which 
they  are  based,  and  within  the  limit  of  accuracy  of  these  experiments. 
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WithoTit  definite  knowledge  to  the  contrary,  and  until  a  more  com- 
plete set  of  experiments  can  be  conducted,  it  is  safer  to  use  these  data 
as  the  basis  for  any  formula  for  wood  pipe. 

These  four  equations  are  applicable  to  the  individual  sizes  of  pipe 
only,  but  they  fit  the  experimental  data  more  nearly  than  any  other 
form  of  equation  possible. 

The  writer,  therefore,  would  propose  the  use  of  a  general  formula, 
based  on  these  four  formulas,  of  the  following  general  form: 

V=eV  B(H—b) (5) 

For  the  four  sizes  of  pipe  on  which  there  are  experimental  data, 

the  values  of  e  and  b  are : 

e.  b, 

14-in.  pipe 1 .799  0.0313 

44-in.    "    1.916  0.080 

54-in.    " 2.089  0.188 

72.in.    «'    2.008  0.020 

Interpolating  for  intermediate  sizes  of  pipes  for  intervals  of  6  ins. 

in  size,  these  coefficients,  in  the  formula,  V=seV  D  (H —  b)^  are: 


c. 

14-in.  pipe. 1 .80 

18      •*        1.82 

24      *'        1.84 

30      **        1.86 

36      "        1.88 

42      *'        1.91 

48      **        1.98 

54     *•        2.09 

60      "        2.06 

66      "        2.03 

72      ••        :....  2.00 


b, 
0.081 
0.041 
0.073 
0.114 
0.145 
0.176 
0.146 
0.080 
0.063 
0.047 
0.031 


The  values  plotted  from  Formula  5,  with  the  corresponding  coeffi- 
cients, produce  the  curves  shown  in  Fig.  11.  For  the  intermediate  sizes 
of  pipes,  the  values  of  e  and  b  are  proportional. 

The  original  formulas  (1,  2,  3  and  4),  are  of  the  form  proposed  by 
Mr.  Fenkell  in  his  valuable  contribution*  to  the  discussion  on  the 
second  series  of  experiments  on  the  Ogden  pipe  line.     Mr.  Fenkell, 

*  TrantactUms,  Am.  Soc.  C.  E.,  Vol.  zllv,  p.  78. 
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however,  proposes  that  the  smaller  coefficient,  b,  is  due  to  errors,  and 
shonld  be  dropped.  The  writer  contends  that  there  are  no  reliable 
data  to  snpport  this  conclnsion,  except  abstract  theory,  and  that  water, 
like  gold,  is  only  where  it  is  fonnd.  It  is  better  to  swear  by  the  values 
that  we  have  been  able  to  measure  by  practical  tests  than  make  allow- 
ances for  errors  that  may  or  may  not  exist. 

The  above  values  of  e  and  b  are  for  pipes  with  smooth  interiors, 
that  have  not  been  in  use  more  than  one  year. 

A  further  factor  of  safety  should  be  allowed,  to  cover  the  increased 
loss  of  head  when  the  pipe  may  be  covered  with  a  growth  that  would 
retard  the  flow. 


Waste  Weir. — The  24-in.  sluice-gates  for  draining  the  basin  leak 
considerably.  There  is  also  some  leakage  through  the  walls  of  the 
basin.  This  water,  with  the  ground-water  around  the  foundation  of  the 
walls,  is  all  collected  into  a  drain  tile  surrounding  the  foundation  of 
the  basin,  and  empties  into  a  concrete-lined  tunnel.  At  the  mouth  of 
this  tunnel  a  weir,  extending  the  width  of  the  tunnel,  was  put  in  for 
measuring  the  amount  of  leakage  from  the  basin.  The  crest  of  the 
weir  was  3.04  ft.  long,  without  end  contractions;  was  18  ins.  above  the 
floor  of  the  tunnel,  and  had  a  x>erfectly  free  discharge.  The  height 
was  measured  from  a  fixed  point,  1  ft.  back  of  the  weir,  and  carefully 
leveled  to  the  crest  of  the  weir,  with  a  micrometer  caliper,  reading 
direct  to  0. 001  in.  The  height  on  the  weir  varied  from  0. 1250  to  0. 1259 
ft.  The  discharge,  according  to  Bazin's  formula,  would  be  from  0.4895 
to  0.4955  cu.  ft.  per  second;  according  to  Simpson  and  Black  weirs 
formula,  0.5115  to  0.5175  cu.  ft.  per  second;  according  to  Francis*  for- 
mula, 0.442  to  0.446  on.  ft.  per  second. 

Simpson  and  Black  well's  formula  is  probably  most  nearly  correct, 
and  is  used  to  determine  the  amount  of  leakage.  The  leakage  in  the 
case  of  the  lowest  discharge  amounted  to  1.38%,  and  at  the  highest 
discharge  to  1.07  per  cent.  Any  possible  error  in  the  application  of 
this  formula  would  not  result  in  an  error  of  over  0.15%,  which  is  well 
within  the  range  of  accuracy  possible  from  other  causes. 

Velocity  Head  ai  WelL — After  the  first  eleven  observations  had  been 
taken  on  the  54-in.  pipe,  the  writer  concluded  that,  in  order  to  find 
out  whether  there  was  any  influence  affecting  the  height  of  the  water  in 
the  well  which  could  not  be  attributed  to  the  friction  head,  he  would 
conduct  two  observations,  one  at  the  lowest  and  one  at  the  highest 
velocity,  with  an  additional  piezometer  (Piezometer  A),  located  some 
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distance  back  of,  and  away  from,  any  possible  influence  from  the  con- 
ditions prevailing  at  the  well. 

Observations  12  and  18  were  conducted  for  this  purpose.  The 
current  meter  was  not  used.  One  observer  was  located  at  Piezometer 
No.  1  and  one  at  Piezometer  Ay  and  also  one  at  the  hook-gauge  in  the 
well.  Sixteen  readings  were  taken  at  each  place  during  each  obser- 
vation, with  1-minute  intervals. 

This  experiment  brought  out  the  surprising  result  that  the  differ- 
ence between  the  heights  of  water  at  Piezometer  A  and  the  well  was 
less  than  the  amoxmt  due  to  friction  in  the  pipe.  This  increase  of 
head  was  0.002  at  the  lowest,  and  0.088  at  the  highest  velocity.  The 
latter  difference  was  sufficiently  large  to  preclude  any  possibility  of 
error  from  leveling,  as  the  increase  in  difference  would  not  involve 
the  question  of  leveling. 

The  cause  of  this  increase  was  not  discovered  until  the  pipe  was 
emptied  and  the  diameter  measured,  when  it  was  found  that  the  area 
of  the  end  of  the  pipe  next  the  well  was  16.606  sq.  ft.,  the  average 
urea  being  16.060  sq.  ft. 

Assuming  that  this  increase  is  due  to  velocity  head: 

Let  Vi  =  Velocity  in  the  pipe  where  it  enters  the  well; 
Fj  =  Average  velocity; 
B^i  =  Head  at  the  well  due  to  velocity ; 
H^  =  Head  at  the  average  section  due  to  velocity; 
H  =:  Velocity  head  (or  gain  of  head  at  the  well) ; 
Ai  =  Area  of  the  pipe  at  the  well; 
A2  =  Average  area. 


Then: 


S  =  fljj  ^~  -"I 

rr  —  ^     Tf  —    2 
2^       '      2^ 

172  17-2 

jj Zji 11, 


Fj        Ai  -4, 

^-^g        A,*2g-2g  V      A,'       ) ^""^ 

Applying  this  equation,  in  order  to  find  the  calculated  value  of  the 
^^ain  in  head  at  the  well  during  Observation  13,  we  have: 

F2=    4.651; 
^i  =  16.605; 
A^  =  16.055; 
2^  =  64.4. 
From  Equation  (6),  fT^  0.024. 
The  observed  value  of  HvrM  0.033. 


508  FLOW  OF  WATBE  IK  WOOD  PIPES.  [Papers. 

Taking  into  acconnt  that  this  difference  (0.009  ft.)  may  be  partly 
due  to  errors  in  leveling  and  partly  to  error  in  the  area  of  the  pipe  at 
the  well,  which  was  measured  by  two  diameters  only,  the  results  are 
sufficiently  near  to  conclude  that  the  effect  was  due  to  velocity  head. 

This  effect  of  velocity  head,  due  to  a  diverging  pipe  entering  a  res- 
ervoir, was  the  subject  of  a  very  elaborate  series  of  experiments  carried 
on  by  the  late  James  B.  Francis,*  Past-President,  Am.  Soc.  C.  E.,  at 
LowelL 

He  gfves  a  very  clear  account  of  the  experiments  and  results,  and 
shows  that  the  maximum  effect  from  a  submerged  diverging  tube  of 
that  particular  design  was  an  increase  of  the  velocity  in  the  smallest 
section  of  the  tube  of  2S9%  above  the  theoretical  velocity  due  to  the 
head. 

Mr.  Francis  does  not  account  for  this  increase.  Whether  the  above 
formula  for  head  on  Yenturi,  which  is  the  same  as  given  for  the 
Yenturi  meter,  would  apply  to  the  results  of  Francis'  experiments, 
would  be  interesting  to  know. 

ResisUmce  of  Fittings, — As  there  are,  in  the  entire  length  of  the 
gravity  system,  about  ninety- five  manholes,  forty- three  blow-offs, 
twenty -one  3-in.  stand-pipes,  two  36-in.  overflow  stand-pipes,  thirty- 
two  air-valves  and  three  d6-in.  gate-valves,  making  in  all  about  196 
fittings — ^not  including  elbows  and  T -connections  inside  the  city 
limits — ^it  was  important  to  find  out  what  influence  these  fittings  have 
on  the  total  loss  of  head  in  the  pipe  line;  it  being  the  original  inten- 
tion to  find  the  loss  of  head  in  each  kind  of  pipe,  in  the  gravity 
system. 

For  this  purpose  a  differential  oil  gauge.  Fig.  6,  was  made  on  much 
the  same  plan  as  described  in  the  paperf  by  Messrs.  Williams,  Hub- 
bell  and  Fenkell,  though  the  writer  was  not  at  the  time  aware  of  the 
existence  of  such  a  gauge  in  practical  use.  The  gauge  was  a  rather 
crude  affair,  made  from  such  materials  as  could  be  obtained  in  Seattle 
at  the  time,  and  consisted  of  two  glass  tubes,  |  in.  outside  diameter, 
connected  with  boiler  gauge-glass  fittings,  so  that  the  tops  of  the 
glasses  had  free  communication,  and  the  bottom  of  each  glass  could 
be  connected  through  two  pieces  of  i-in.  hose  with  the  main  pipe 
above  and  below  the  fitting,  the  resistance  of  which  it  was  desired  to 
obtain.  The  connection  with  the  pipe  was  made  in  the  same  manner 
as  described  for  connecting  the  piezometer  tubes. 

Both  gasoline  and  coal-oil  were  used.  Gasoline,  which  was  first 
tried,  was  found  to  be  objectionable  on  account  of  its  volatility  and 
its  power  of  absorption.  Coal-oil  was  found  to  be  most  serviceable, 
for  the  reasons  mentioned  in  the  paper  by  Messrs.  Williams,  Hubbell 
and  Fenkell. 

*  Francis' ''  Lowell  Hydraulic  Experiments,"  pages  282  to  282. 

t  '*  Experiments  at  Detroit,  Mich.,  on  the  Effect  of  Currature  upon  the  Flow  of 
Water  in  Pipes."    TVaruacttona,  Am.  Boc.  C.  E.,  Vol.  xlvii,  p.  1. 
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The  gauge  was  calibrated  by  connecting  each  side  with  a  barrel 
filled  with  -water.  One  barrel  was  provided  with  a  hook -gauge  for 
measuring  the  height  of  the  surface  of  the  water,  and  the  other  barrel 
with  a  fixed  hook,  so  that  the  level  of  the  surface  would  be  main- 
tained. The  two  barrels  were  first  connected,  and  the  level  of  the 
surface  in  each  barrel  brought  to  the  level  of  the  fixed  hook. 

The  first  readings  were  then  taken  from  the  hook-gauge  and 
differential  gauge,  with  the  level  in  the  two  barrels  the  same.  The 
connection  between  the  two  barrels  was  then  closed  and  the  level  in 
the  barrel  containing  the  hook-gauge  was  repeatedly  lowered,  and 
readings  taken  until  the  full  range  of  the  scides  on  the  differential 
gauge  was  covered. 

The  results  of  this  calibration  made  the  specific  gravity  of  gaso- 
line 0.720  and  coal-oil  0.803.  The  temperature  was  about  40^  during 
both  experiments. 

The  result  of  each  experiment  is  the  average  of  from  16  to  20 
readings,  with  1- minute  intervals. 

TABLE  No.   3. 


44-111.  pipe.  Blow-off  No.  1 
ft  "  No  2 
''     Manhole 

64  in.     "      Blow-off 


Beading 
of  difference 

ffauKe 
reduced  to 
water  head. 


0.0012 
0.0149 
0.0070 
0.0104 


Length  of 
pipe. 


14.20 

10.48 

8.86 

17.00 


Friction 
head  in  pipe. 


0.0151 
0.0175 

o.oom 

0.0066 


Friction 

head 
In  fitting. 


-1-0.0061 
-0.0026 
-Q.0019 
-fO.0046 


The  apparent  friction  head  at  these  fittings  is  undoubtedly 
influenced  by  the  velocity  head  due  to  the  considerable  differences  in 
area  which  exist  in  this  class  of  pipe,  and  would  account  for  the 
minus  quantities  in  the  second  and  third  experiments. 

That  the  differential  oil  gauge,  with  proper  precautions,  is  a  most 
delicate  and  accurate  device  for  measuring  differences  of  pressure,  the 
writer  has  no  doubt.  It  was  some  little  time  before  consistent  results 
could  be  obtained;  any  irregularity  or  inaccuracy  was  readily  detected 
by  reversing  the  hose  connections  so  that  the  difference  of  pressure 
came  on  opposite  sides  of  the  gauge.  It  was  found  that  even  a  small 
amount  of  air  suspended  in  the  water  or  oil  columns,  or  lodged  in  the 
fittings,  vitiated  the  value  of  the  results.  This,  however,  could  be 
eliminated  by  reversing  the  connections  and  taking  the  average  of  the 
two  sets  of  readings.  It  was  also  found  that  globules  of  water  would 
cling  to  the  sides  of  the  glass  in  the  oil  column  and  affect  the  results. 

The  writer's  plan  for  making  any  future  experiments  of  this  nature 
would  be  to  make  the  gauge  in  the  form  of  a  continuous,  inverted, 
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glass  U-tnbe,  not  less  than  1  in.  in  internal  diameter,  connected  at  the 
top  with  a  small  glass  tube  and  valve  for  letting  out  air  and  patting 
in  olL.  The  gauge  should  be  entirely  free  from  any  iron  or  metal  fit- 
tings where  they  would  come  in  contact  with  the  oil  column,  as  it  is 
desirable  to  see  the  entire  column  and  be  sure  there  is  no  air  or  water 
to  reduce  or  increase  the  specific  gravity  of  the  oil.  The  connec- 
tions to  the  pipe  should  be  free  from  places  where  air  could  lodge, 
and  the  main  pipe  should  be  tapped  at  one  side  of  the  center  to 
prevent  air  from  entering  the  connections  during  the  course  of  the 
experiment. 

In  the  measurement  of  velocity  head  in  the  Yenturi  meter,  the 
writer  believes  that  the  oil  gauge  would  give  much  more  accurate  and 
reliable  results,  though  he  is  not  aware  that  it  has  ever  been  tried.  It 
is  possible  that  fluctuations  might  be  violent,  and  interfere  with  getting 
a  close  average.  Its  effect,  however,  would  be  to  magnify  the  condi- 
tions prevailing  with  the  mercury  gauge,  and  thus  make  the  average 
reading  more  accurate.  Where  very  accurate  readings  are  required 
with  either  the  piezometer  or  the  differential  gauge,  better  results 
could  be  obtained  by  eliminating  the  momentary  fluctuations  of 
pressure  which  exist  in  all  pipe  lines  of  any  considerable  length. 
This  can  be  done  by  connecting  the  pipe  le&ding  from  the  gauge  to 
the  main  pipe  with  a  reservoir  of  small  capacity;  ordinarily  a  6-in. 
stand-pipe  would  be  sufficient  where  the  connection  with  the  main 
pipe  is  small.  These  momentary  fluctuations  are  of  no  value,  as  far  as 
the  piezometer  heights  are  concerned,  and  are  of  constant  annoyance 
to  the  observer. 

This  subject  also  brings  to  the  mind  of  the  writer  the  possibility 
of  getting  much  more  satisfactory  and  consistent  results  in  pipe  lines 
by  using  the  differential  oil  gauge  to  determine  the  friction  head  in 
the  pipe  lines,  by  making  connection  with  a  comparatively  short  length 
of  pipe,  say  100  ft.  This  would  eHn^ate  many  sources  of  error. 
The  conditions  could  be  more  readily  determined,  and  the  loss  of  bead 
per  100  ft.  could  be  jread  on  the  differential  gauge  direct.  This  method 
would  seem  to  be  particularly  appropriate  where  the  pipes  are  under 
considerable  pressure,  making  it  possible  to  dispense  with  mercury 
manometers  and  the  complication  arising  from  necessary  corrections 
for  temperature.  It  would  be  possible  to  select  a  length  of  pipe  that 
would  be  mostly  free  from  influences  outside  of  the  one  influence 
sought.  Take  the  case  of  the  lowest  frictional  resistance  encountered 
in  these  experiments,  viz.,  0.0342  ft.  in  100  ft, :  The  difference  gauge 
using  coal-oil  would  show  a  difference  of  0.1710  in  100  ft.,  which  could 
be  read  ^after  the  momentary  fluctuations  were  eliminated)  to  0.001 
ft.,  bringing  the  results  within  a  probable  error  of  1\,  which  is  better 
than  can  be  done  with  ordinary  open>tube  piezometer  readings,  where 
connections  are  made  less  than  half  a  mile  apart. 
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Value  of  GovffUnenti  in  KuUer's  Formula. — The  valnes  for  c  and  n,  in 
Kntter'B  formula,  would  seem  to  conform  to  the  resultB  from  the 
Ogden  experiments,  but  differ  widely  from  Mr.  Sohnjler's  experiment 
on  the  30-in.  pipe  at  Denver,  and  the  experiments  by  Mr.  Adams  on  14 
and  18-in.  pipes. 


In  Kntter's  formula,  F  = 


c  = 


'  n         « 


n  V 


.    I    .    m 

a-\-'-  .-\ 

n         s 


^RS. 


1  + 


(« +  t)/r 


TABLE  No.  4.-  54-Ingh  Pipe. 


Observations. 

^- 

S  X  1  000. 

c. 

n. 

1 

9.989 
9.976 
9.660 
8.067 
8.046 
8.406 
8.794 
8.994 
4.916 
4.419 
4.688 

0.849 
0.849 
0.486 
0.668 
0.667 
0.078 
0.788 
0.866 
0.988 
1.076 
1.169 

116.08 

ii6.rr 

119.88 
198.18 
191.86 
188.66 
196.19 
196.16 
196.46 
196.79 
199.91 

0.0180 

8 

0.0181 

8 

0.0197 

4 

0.0196 

5 

0  0196 

6 

0.0194 

7 

0.0198 

8 

9 

0.0199 
0.0199 

10 

0.0199 

11 

0.0190 

TABLE  No.  5.— 44-Inch  Pipe. 


Obeerratloiis. 

V. 

sxiooo. 

c. 

n. 

1 

8.464 
8.689 
8.686 
8.868 
8.964 
8.979 
4.076 
4.416 
4.586 
4.686 
4.881 

1.067 
1.184 
1.191 
1.909 
1.880 
1.881 
1.404 
1.627 
1.767 
1.757 
1.888 

110.19 
108.60 
110.88 
119.68 
119.87 
118.06 
118.98 
118.67 
118.88 
114.88 
115.46 

0.0184 

9 

0.0186 

8 

0.0188 

4 

0.0139 

5 

0.0181 

6 

0.0181 

7 

O.OISI 

11 

0.0180 

10 

0.0180 

9 

0.0120 

8 

0.0189 

The  writer  can  offer  no  suggestion  as  to  why  the  value  of  c  should 

be  less  and  n  greater  in  the  44-in.  than  in  the  54-in.  pipe,  when,  to 

conform  to  the  results  of  other  experiments,  it  should  be  the  reverse. 

The  same  discrepancy  will  be  noticed  in  the  value  e  in  the  formula, 

r=  c  -y/  D  (H —  b),  proposed  by  the  writer. 
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(.  «K  V  wCu«>  ol  M»  as  in  preyious  experiments,  decreases  with  the 
N  .vv.>,v«  \^hiW  c  increases;  whereas  the  value  of  e,  in  the  formnla, 
V  *^  yti  -  b)\  remains  constant  for  all  velocities  in  the  same 
.  -ks  .u  iM)HS  within  the  range  of  the  experiments  so  far  conducted. 

iUo  ^riwr  is  indebted  to  Mr.  Reginald  H.  Thomson,  Oitj  Engineer 
vst  S^Hk(U%^t  without  whose  moral  and  financial  assistance  the  experi- 
ukoulA  vKmld  not  have  been  undertaken  ;  to  Mr.  H.  W.  Scott,  Assistant 
vMv  Kugineer,  for  his  assistance  as  an  observer,  and  for  maps  and 
olU^  information  regarding  the  gravity  system ;  to  Mr.  E.  McCulloh, 
(\ur  his  valuable  assistance;  to  A.  H.  Fuller,  Assoc.  Am.  Soc.  0.  E., 
Professor  of  Civil  Engineering,  Washington  University,  and  to  W.  H, 
Plaohy  and  J.  G.  Atwood,  who  assisted  in  taking  the  observations. 
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How  to  permanently  safeguard  a  g^ven  line  of  frontage  from  the 
erosive  action  of  the  sea  at  low  cost? 

This  is  the  problem  constantly  before  the  engineer  engaged  in  fore- 
shore protection  work.  The  question  of  cost  depends  npon  what  is  to 
be  protected;  for  an  outlay  which  would  be  held  to  be  quite  reasonable 
if  expended  on  the  protection  of  a  line  of  railway,  the  esplanade  of  a 
fashionable  watering-place,  or  an  important  dock  or  harbor,  might  be 
quite  prohibitive  in  the  case  of  mere  agricultural  ]and. 

Sea-walls,    embankments  and  groynes  have  all  been   tried  with 

varying  success:  and  it  must  be  admitted  that  large  sums  have  often 

been  expended  without  due  regard  to  the  requirements,  or  an  adequate 

consideration  of  the  complicated  conditions  obtaining.     It  is  often  a 

matter  of  extreme  difficulty  to  collect  sufficient  data  to  enable  one  to 

None— These  paiwrs  are  Issued  before  the  date  set  for  presentation  and  discuadon. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  moetfaig,  and  may 
be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published 
In  a  subsequent  number  of  Proceedings^  and,  when  finally  closed,  the  papers,  with  dis- 
cussion in  full,  wUl  be  published  in  Traruaciiona. 
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set  to  work  with  any  degree  of  confidence.  Among  some  of  the 
important  points  upon  which  information  is  required  may  be  men- 
tioned : 

1. — Range  of  tide. 

2. — ^Direction,  duration  and  intensity  of  prevalent  winds. 

3. — Direction,   duration    and    intensity    of    most    destructive 

winds. 
4. — ^Direction  and  force  of   'long-shore  currents,   surface  and 

bottom  velocities  being  taken  at  high  water,  half-tide,  and 

low  water. 
5. — Percentage  of  material  per  cubic  foot  of  water  carried  in 

suspension;  samples  to  be  taken  from  the  surface  and  close 

to  the  bottom. 

6. — Quantity  of  shingle  or  other  traveling  detritus,  and  extent 
to  which  it  is  moved  in  different  conditions  of  wind,  waves, 
etc. 

7. — Nature  of  marl,  sandstone,  or  other  material  of  the  fore- 
shore undergoing  erosion. 

8. — ^Extent  to  which  the  sea  bottom  is  undergoing  change,  espe- 
cially in  the  matter  of  the  formation  or  alteration  of  sub- 
merged banks,  causing  alteration  in  the  direction  of 
currents. 

In  addition  to  the  foregoing,  and  most  troublesome  of  all,  are  the 
quite  indeterminable  concurrences  of  high  tides  and  storms,  which, 
though  they  cannot  be  predicted,  or  calculated  with  any  degree  of  cer- 
tainty, must  be  expected  and  allowed  for.  Needless  to  say,  the  col- 
lection of  the  necessary  data  requires  both  intelligence  and  experience, 
for  it  must  be  done  with  a  full  knowledge  of  what  is  required  to  suit 
each  individual  situation— a  point  of  vital  importance  in  one  case 
being  of  quite  secondary  consideration  in  another. 

Of  all  the  methods  of  dealing  with  sea  encroachments,  systems  of 
groyning  should  engage  our  chief  attention,  because,  by  their  proper 
application,  we  are  enabled  to  direct  those  great  carrying  forces  of 
the  water,  and  thus  provide  for  the  deposit  and  retention  of  millions 
of  tons  of  sand  or  shingle  which  would  otherwise  be  swept  away. 

With  regard  to  walls,  experience  shows  that  they  are  unsatis- 
factory, unless  they  are  either  protected  by  natural  barriers  of  shingle 


Fapen.]       FOBBSHOBB  PBOTBCTION   AND  IMPBOYBUBNT.  515 

or  sand,  or  bnilt  on  a  scale  altogether  proliihitiye,  except  for  the 
safeguarding  of  valuable  building  property,  railways,  or  docks. 

It  will  thus  appear  that  if  we  can  succeed  in  accumulating  a 
permanent  barrier  which  will  prevent  the  sea  from  reaching  a  wall, 
except  in  the  form  of  spray  and  foam,  then,  and  then  only,  are  we 
justified  in  erecting  a  wall  of  slight  construction. 


A'  A  .:f 

LIGHT  CONCRETE  ESPLANADE  WALL,  STEPPED.     OFTEN  USED  IN  CONJUNCTION 
WITH  CASE  GROYNES,  IN  FORESHORE  PROTECTION. 

Fio.  1. 

The  section,  Fig.  1,  shows  a  wall,  B  (7,  the  foundations  of  which  have 
been  taken  well  down  into  the  marl,  say  even  as  far  as  mean  sea  level. 
Very  possibly  such  a  wall  may  stand  for  years,  but  it  cannot  be  relied 
upon,  for,  if  the  shingle,  shown  in  the  section  as  lying  above  the  marl 
surface,  gets  washed  away,  successive  laminsB  become  eroded  until, 
as  time  goes  on,  the  foundations  become  exposed,  and  toe- walls  have 
to  be  added  at  great  expense,  if  the  wall  is  to  be  saved.  The  writer 
has  now  under  consideration  a  sea-wall  20  ft.  high,  which  is  being 
thus  undermined,  year  after  year.  This  wall  supports  high  and 
easily  eroded  cliffs,  on  top  of  which,  and  quite  close  to  the  edge,  runs 
an  important  treble  line  of  railway.  If  the  wall  goes,  the  railway 
must  also  go,  and  the  anxiety  of  the  engineers,  as  each  line  of  toe- wall 
becomes  necessary,  may  be  easily  imagined. 

In  all  cases  where  sea-walls  alone  are  resorted  to — and  more  partic- 
ularly where  railway  lines  or  valuable  house  property  are  in  jeopardy 
— the  writer  strongly  recommends  that  the  foundations  should  be  at 
once  taken  down  well  below  low-water  level. 

Thus,  in  the  section,  instead  of  stopping  short  at  J?,  the  engineer 
should  have  taken  his  foundations  down  to  the  point  Fy  and  thus,  at 
increased  initial  cost,  secured  a  vast  amount  of  additional  future 
safety. 

There  is  one  system  of  groyning,  however* — that  discovered  by  the 

*  See  '*  The  Ck>n8tructiTe  Power  of  the  Sea."  Proceedings^  Inst.  C.  £.,  Ireland,  Jan- 
uary,  1900. 
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late  Mr.  Edward  Case — which  may  be  relied  upon  to  collect  and  retain 
traveling  material  in  snch  a  way  as  to  protect  the  toes  of  walls.  Mr. 
Case  took  a  long  step  in  advance  when  he  promulgated  his  theory  that 
every  shore  has  its  own  inclined  surface  of  repose,  and  that  that  surface 
could  be  brought  about  by  accumulations  mainly  derived  from  the 
traveling  material  between  mean  sea  level  and  low-water  mark. 

If,  he  argued,  a  shore  can  be  made  to  once  acquire  this  surface — 
from  which  there  is  the  minimum  chance  of  alteration  through  the 
action  of  waves  and  currents — ^sea-walls,  properly  so-called,  will  not 
be  as  necessary  as  formerly  for  the  protection  of  esplanades,  seaside 
roads,  etc.  If  a  good  **  full "  of  beach  can  be  secured,  a  comparatively 
light  retaining  wall  will  be  sufficient,  for  the  beach  itself  can  be  relied 
upon  as  a  protection  for  the  foundations,  and  there  will  be  the  satis- 
faction of  having  saved  heavy  expense  in  costly  concrete  blocks,  etc., 
which  would  otherwise  have  been  considered  necessary. 

Experience  and  close  observation  convinced  Mr.  Case  that  there 
was  an  extensive  travel  of  shore  material  between  mean  sea  level  and 
low- water  mark,  and  experiments  proved  that,  by  the  use  of  long,  low 
groynes,  the  material-bearing  lower  currents  could  be  directed  shore- 
ward until  sufficient  deposit  had  taken  place,  and  the  desired  surface 
of  repose  was  acquired.  He  sought  to  build  up  the  shore  from  its 
lowest  point — i,  e, ,  low-water  mark — and  in  doing  this  he  was  but  fol- 
lowing the  usual  custom,  for  a  shore  is,  after  all,  but  an  embankment 
with  a  very  flat  gradient,  and,  as  is  well  known,  every  embankment 
must  be  started  from  its  foundation  or  lowest  point.  Being  quite 
convinced  of  the  soundness  of  his  theory,  Mr.  Case  designed  groynes 
of  a  form  which  is  simple,  inexpensive,  and  capable  of  rapid  construc- 
tion. These  are  low  groynes,  and  are  entirely  of  timber.  They  were 
first  applied  at  Dymchurch,  which  must  be  regarded  as  the  cradle 
and  home  of  the  Case  system.  They  commence  about  mean  sea  level 
and  run  down  to  low- water  mark.  Among  the  advantages  claimed  for 
those  groynes  may  be  named  the  following: 

1.  They  are  economical,  as  regards  time,  labor  and  cost  of 

materials. 

2.  No  plant  or  skilled  labor  is  required,  though  experience  is 

needed  in  the  adjustment  of  the  planking. 

3.  All  the  timber  used  is  of  the  same  scantling. 

4.  Manipulation  is  easy,  and  the  cost  of  repairs  and  maintenance 

is  very  trifling. 
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As  regards  the  action  of  these  groynes,  it  may  be  observed  that  the 
principle  of  small  obstructions  and  the  multiplication  of  small  results 
gradually  brings  about  the  desired  change.  There  is  nothing  sudden, 
and  no  abrupt  interference  with  existing  conditions.  The  deposits 
are  gradually  brought  about,  and  at  the  proper  place  for  the  correct 
building  up  of  the  long,  smooth  bank  which  is  destined  to  protect  the 
shore  at  high-water  mark.  It  may  also  be  noted,  that  the  services  of 
that  restless,  never-tiring  workman,  the  sea,  are  enlisted,  and  that  the 
winds  and  waves  help  to  stir  up  and  carry  particles  which  are  caught 
by  the  groynes  and  directed  shoreward.  In  fact,  it  may  be  said  that 
the  destructive  forces  of  the  elements  are  converted  into  constructive 
forces.  The  small  and  gradually  accumulating  silts  are  encouraged  at 
low- water  mark,  and  further  encouraged  until  the  shore  is  built  up  to 
the  required  shape. 

The  correct  form  of  any  shore  composed  of  beach  or  any  other 
shiftable  material  is  a  gradually  sloping  surface,  the  section  of  such 
shore  between  high  and  low- water  marks  being  approximately  an 
ellipse,  the  construction  of  which  depends  upon  the  range  of  tide  and 
the  horizontal  distance  between  high  and  low-water  marks.  (See 
Fig.  2.) 


TYPrCAL  SECTION  SHOWING   ACTION  OF  CASE  GROYNES  IN   PUSHING  SEAWARD  BOTH  HIGH 
AND  LOW-WATER  MARKS,  AND  APPROXIMATE  SURFACE    PRODUCED  BY  LOW  GROYNES. 
TH£  ACCRETION  OF  SHORE  MATERIAL   SHOWN  BY  SHADED  PORTION. 

N.BL    VERTICAL  aOALE  EXAOQERATEO. 

Fio.  8. 

Very  few  natural  shores  lie  at  this  desirable  inclination.  The  section 
of  a  shore  between  high  and  low-water  marks  is  seldom  a  true  ellipse, 
but  the  nearer  the  sections  of  any  shores  approximate  to  true  ellipses 
the  less  damage  is  done  by  the  sea  along  that  particular  portion  of  the 
foreshore.  In  some  instances,  the  curve  being  nearly  perfect  and  free 
from  any  abrupt  angles  or  changes  throughout  its  entire  length,  the 
waves  roll  harmlessly  in  at  the  flood  tide,  and  equally  harmlessly 
retreat  with  the  ebb. 

Take  the  case  of  a  railway  truck  running  down  an  incline  of  rails 
and  gaining  sufficient  momentum  to  run  up  another  incline.     If  the 


518  FOS^SHORE  PROTECTION  AND  IMPROVEMENT.        [Papers. 

rise  is  qnite  gradual,  and  there  are  no  angles  or  obstacles  of  anj 
kind,  no  damage  will  be  done;  the  truck  will  run  up  until  stopped  by 
the  ever-acting  force  of  gravity,  and  will  then  run  back  again  without 
doing  any  harm.  But  if  any  obstacle  is  placed  on  the  line,  or  there 
is  any  break  in  the  continuity — any  abrupt  angle,  as  it  were— some- 
thing has  to  go;  something  is  injured  or  broken. 

If  any  shore,  at  random,  be  examined,  a  well-defined  angle  will 
probably  be  found,  somewhere  about  mean  sea  level,  where  the  beach 
leaves  off  and  the  sand  begins,  the  beach  angle  being  the  steeper  from 
a  point  aboFe  high-water  mark  to  the  junction  with  the  sand,  and  the 
sand  from  this  point  lying  at  a  much  flatter  inclination  right  down  to 
low- water  mark.  No  two  shores  possess  exactly  the  same  character- 
istics. It  may  be  possible  to  find  a  couple  of  places  where  the  nature 
of  the  material,  range  of  tide,  prevailing  wind,  etc.,  seem  to  be  very 
much  the  same,  but  a  closer  examination  will  reveal  some  factor  which 
they  have  not  in  common;  some  particular  current,  or  some  sunken 
bank,  perhaps  far  out  at  sea. 

Boughly  speaking,  it  may  be  said  that  there  are  six  types  of  coast 
line: 

1.  The  rock-bound  coast,  where  erosion  goes  on  so  slowly  as  to 

be  practically  imperceptible — e,  g.,  Cornwall,  Aberdeen, 
North  of  Ireland. 

2.  The  line  where  denudation  of  beach  and  other  shore  material 

is  a  serious  menace  to  sea-walls,  esplanades  and  cliffs,  com- 
posed of  more  or  less  easily  eroded  material — e,  g.,  Brighton, 
Hastings,  Folkstone,  Yentnor,  Shanklin,  Sandown,  the 
Holderness  Coast  of  Yorkshire,  and,  generally,  the  sites  of 
watering-places  all  around  the  coast. 

3.  Where  masses  of  shingle  are  being  driven  inland. 

4.  Where  the  shingle  has  disappeared  and  there  is  no  '*  full "  of 

beach  to  arrest  the  encroachment. 

5.  Where  shores  are   so  cut  about  that  they  consist  of  bare 

rocks,  pools  of  water,  wet  sand  and  mud,  and  are  therefore 
most  unsuited  for  recreation  grounds  for  children  and 
others — e.  g,.  Worthing  and  Heme  Bay. 

6.  Where  extensive  scours  have  been  caused  on  the  lee  sides  of 

high  groynes,  as  at  Hastings,  St.  Leonard's  and  Brighton. 


Papers.]       F0BS8H0BE  PBOTEOTIOK  AND  IHPBOYSHBKT.  519 

As  is  almost  iayariablj  the  case  with  any  new  contrivanoe  or 
method,  the  low  groynes  were  at  first  looked  upon  with  contempt, 
partly  on  account  of  their  slight  nature  and  their  cheapness,  but  more 
especially  becanse  of  their  novelty.  There  were  also  many  people 
who  argued  that  the  groynes  might  answer  well  enough  on  a  sandy 
shore  like  Dymchurch,  but  that  they  would  be  of  na  use  in  places 
where  shingle  predominated,  or  where  shingle  and  sand  together 
were  to  be  dealt  with.  To  prove  how  incorrect  these  arguments  were, 
we  have  only  to  point  to  Southwold,  where  there  is  only  shingle,  and 
to  Deal,  where  both  shingle  and  sand  are  to  be  found.  The  writer 
believes  that  the  principle  is  correct  for  any  shore  whatever,  with  any 
range  of  tide,  save,  alone,  a  rock -bound  coast. 

Dymchurch  was  in  a  very  bad  way  when  Mr.  Case  put  down  his 
groynes  in  1894  The  shore  then  consisted  of  soft  mud  alternating 
with  pools  of  water  and  wet  sand.  The  Dymchurch  sea-wall,  extend- 
ing for  more  than  3  miles  and  protecting  some  60  000  acres  of  the 
Bomney  and  adjacent  marshes,  was  in  a  precarious  condition,  and 
constantly  needing  extensive  repairs.  In  1898  matters  had  improved 
BO  much  that  hard,  dry  sand  had  taken  the  place  of  the  mud  and 
swales,  and  from  7  to  8  ft.  in  depth  had  accumulated  near  the  toe  of 
the  wall,  which  was  then  practically  saved.  If  placed  end  to  end  the 
Dymchurch  groynes  would  to-day  extend  for  a  distance  of  more  than 
10  miles.  They  vary  from  300  to  1  000  ft.  in  length,  and  have  been 
instrumental  in  collecting  more  than  1  500  000  tons  of  shore  material, 
which  lies  at  a  satisfactory  slope,  and  affords  an  excellent  playing 
ground  for  children.  How  many  places  would  be  improved  by  such 
sands,  and  how  much  would  such  an  acquisition  add  to  the  value  of 
house  property  where  at  present  no  such  sands  exist!  It  is  noteworthy 
that  not  one  of  the  piles  in  the  Dymchurch  shore  is  set  in  a  solid  foun- 
dation, and  yet  there  they  are  to-day,  as  they  were  in  1894,  having  in 
those  few  years  completely  changed  the  character  of  the  shore  and 
saved  the  sea-wall.  A  visit  to  Dymchurch  would  go  far  toward  con- 
vincing the  skeptic,  for  it  would  afford  a  practical  illustration  of  how 
great  results  may  be  produced  by  the  correct  application  of  simple 
means. 

Fig.  1,  Plate  XXYI,  is  a  photograph  taken  at  Bexhill,  showing  the 
unsatisfactory  condition  of  the  shore  near  low -water  mark,  and  the 
absence  of  sand  where  most  required  for  a  children's  playing  ground. 
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Fig.  2,  Plate  XXVI,  is  also  a  photograph  at  Bexhill,  and  shows  the 
unevenly  deposited  shingle  and  the  eroded  condition  of  the  shore 
near  the  low-water  mark.  The  Bexhill  shore  might  be  enormously 
improved  by  the  application  of  the  Case  system. 

At  Deal,  Sonthwold,  Cromer,  Mnndesley,  and  many  other  places 
on  the  East  Coast  of  England;  at  Borth  in  Wales,  and  at  Middlekirk 
and  Mariakirk  in  Belgium,  the  system  has  been  applied  with  great 
success.  In  1898  the  writer  was  called  in  to  advise  as  to  the  best 
means  of  saving  the  Glenbeigh  foreshore,  which  faces  west,  and  is  ex- 
posed to  the  full  fury  of  the  broad  Atlantic;  indeed,  standing  on  this 
wild  Kerry  shore,  in  a  westerly  or  northwesterly  gale,  one  can  realize 
to  some  extent  the  carrying  power  of  the  ocean.  The  writer's  expe* 
rience  of  this  foreshore  goes  back  more  than  30  years,  and,  although 
he  cannot  remember  the  time  when  there  was  no  encroachment,  it  is 
only  within  the  past  16  or  17  years  that  the  advance  of  the  sea  has  be- 
come very  marked.  Nine  Case  groynes  were  erected  in  1898,  and  they 
have  been  instrumental  in  collecting  a  large  quantity  of  sand  between 
mean  sea  level  and  high- water  mark,  and  have  improved  the  shore  and 
arrested  the  progress  of  the  sea.  It  is  only  fair  to  mention  that  the 
works  at  Glenbeigh  are  very  incomplete,  the  private  owners  of  the 
estate  being  unable  to  afford  the  cost  of  a  full  and  efficient  scheme. 

At  Toughal,  in  County  Cork,  the  sea  broke  in  and  flooded  600  acres 
of  land,  at  the  same  time  jeopardizing  the  safety  of  the  Great 
Southern  and  Western  Railway  Company's  line.  An  embankment 
was  run  across  the  breach,  and  the  Case  system  of  low  groynes  applied 
simultaneously  on  a  scale  sufficiently  extended  to  ensure  success. 
The  results  have  been  most  satisfactory;  that  portion  of  the  shore 
which  had  been  cut  out,  down  to  the  very  foundation,  having  been 
completely  restored  in  less  than  a  year;  as  much  as  8  000  tons  of  sand 
per  100  ft.  of  frontage  having  been  accumulated  by  the  action  of  the 
groynes  over  a  considerable  portion  of  the  coast  line.  The  writer 
formally  handed  over  this  work  in  April,  1901,  and  it  is  only  fair  to 
say  that  all  interested  in  the  welfare  of  Youghal  are  completely  satisfied 
with  the  rapidity  of  the  work  of  reclamation. 

In  proof  of  the  favor  with  which  this  work  is  regarded,  it  is  only 
necessary  to  mention  that  early  in  the  present  year,  1902,  the  Great 
Southern  and  Western  Bailway  Company  ordered  a  further  extension  of 
the  groynes  to  the  west.     This  additional  protective  work  is  now  being 
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I  carried  out  under  the  writer's  saperviBion.     It  includes  a  long  breast- 

work wall,  five  long,  low  groynes,  and  an  extended  sluioe-run.  The 
shore  in  many  respects  resembles  those  at  Atlantic  City  and  Long 
Branch,  though  the  New  Jersey  coast  line  is  more  favored — from  a 
groyning  point  of  view — on  accoant  of  the  greater  travel  of  shore 
material.     The  writer  would  be  pleased  if  those  interested  in  the 

r  protection  of  any  portions  of  the  United  States  coast  could  see  for 

themselves  the  wonderful  results  brought  about  at  Youghal  in  little 
more  than  one  year,  and  he  has  little  doubt  that  they  would  be  con- 
vinced by  such  ocular  evidence. 

At  Bray,  near  Dublin,  the  Case  groynes  are  now  doing  good  work, 
though  the  results  are  likely  to  be  less  rapidly  achieved,  on  account  of 
the  situation  and  the  existence  of  a  sea-wall,  which  causes  a  good  deal 
of  scour.  This  work  is  being  carried  out  for  the  Dublin, Wicklow  and 
Wexford  Eailway  Company,  whose  line  is  now  seriously  threatened, 
at  intervals,  all  the  way  from  Eilliney  to  Wicklow  on  the  East  Coast 
of  Ireland. 

Here  there  are  two  obstacles* to  satisfactory  progpress  in  '< shore 
building  " — obstacles  which  do  not  appear  to  exist  in  any  of  the  shores 
examined  by  the  writer  on  the  occasion  of  his  visit  to  America — which 
are  of  such  a  serious  character  that  it  is  out  of  the  question  to  expect 
rapid  improvement,  as  at  Youghal: 
\  1.  The  existence  of  a  20-ft.  sea-wall,  high-water  mark  being  some 

(  4  ft.  up  the  face; 

2.  The  wholesale  and  continuous  abstraction  of  shingle,  sand,  and 

gravel  by  one  of  the  foreshore  owners. 
This  shore  has  been  allowed  to  go  too  far,  and  is  almost  past 
saving,  though  there  would  still  be  hope  if  the  removal  of  shore 
1  material    could    be  stopped.      This  material  is    sold    for    building 

•  purposes  at  a  considerable  gain  to  the  owner,  but  to  the  great  detri- 

I  ment  of  the  railway  line  which  serves  the  public. 

I  One  might  almost  say,  in  this  case,  that  the  rapacity  of  Man  is 

leagued  with  the  destructive  forces  of  Nature  to  defeat  the  ends  of 
Science. 

Fig.  1,  Plate  XXVII,  is  a  photograph  taken  at  Bray  on  August  27th, 
1901,  to  the  south  of  the  south  box  groyne — just  before  its  demolition 
—25  ft.  at  right  angles  to  the  wall  opposite  the  first  step  in  the  toe- 
wall,  looking  northwest.     This  photograph  shows  the  deep  scour 
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beneath  the  piles  in  the  late  groyne  and  the  scour  under  the 
toe- wall. 

Fig.  2,  Plate  XXVII,  is  a  photograph  taken  at  Bray,  and  shows  the 
accumulation  of  sand  along  a  shore  where,  previous  to  the  erection  of 
the  Case  groynes,  no  sand  was  to  be  found. 

Fig.  3,  Plate  XXVII,  is  also  a  photograph  taken  at  Bray,  and 
shows  the  accumulation  of  sand  and  shingle  on  the  lee  side  of  the  high 
groyne  where  a  deep  scour  previously  existed. 

The  writer's  attention  has  been  frequently  directed  to  the  danger 
of  dealing  with  small,  isolated  portions  of  a  line  of  coast,  especially 
where  the  sections  show  a  very  symmetrical  accumulation  between  the 
highest  "  full  "  and  low  water. 

When  asked,  a  few  months  ago,  to  report  and  advise  as  to  the  beet 
means  of  stopping  the  encroachment  of  the  sea  on  the  Murrough 
Shore,  at  Wicklow,  what  struck  him  most  was  the  remarkable 
symmetry  of  the  sections  all  along  that  portion  of '  the  shore  for  a 
distance  of  more  than  three-quarters  of  a  mile.  The  tiers  of  **  fulls  '* 
lay  so  evenly  in  exact  horizontal  contour  lines  that  they  might  have 
been  produced  by  a  gigantic  cornice  mould.  The  sections  subse- 
quently taken  fully  confirmed  this,  for,  when  superimposed,  the 
plotted  sections  showed  differences  of  only  a  few  inches. 

The  next  thing  which  occurred  to  the  writer  was  the  danger  of 
placing  any  obstacles  which  might  cause  the  sea  to  interfere  with  this 
symmetry — any  obstruction  of  a  solid  nature  which  would  cause  an 
uneven  scouring  action  and  thus  a  direct  attack  by  the  sea  at  some 
definite  point,  which,  in  all  probability,  would  be  far  worse  than  the 
gradual  but  uniform  wasting  away  at  present  taking  place  at  the  rate 
of  about  12  ins.  annually  all  along  the  entire  shore. 

Bather  than  run  the  risk  of  almost  certain  damage  by  the  erection 
of  a  few  groynes  only,  the  writer  refused  to  have  anything  to  do  with 
the  work  unless  he  had  the  authority  of  the  Wicklow  Urban  District 
CouncU  to  deal  with  the  shore  as  a  whole,  and  he  then  suggested  a 
certain  number  of  Case  gproynes  at  intervals  of  about  100  ft.  all  along 
the  shore.  This  could  only  have  had  the  effect  of  uniformly  increas- 
ing the  shore  material — ^it  could  not  have  caused  a  scour  at  any  partic- 
ular point.  A  short  time  since,  the  Urban  District  Council,  entirely 
disregarding  carefully  considered  advice,  invested  a  considerable 
sum  of  money  in  the  purchase   of  a  large  barge  which  they  filled 
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with  concrete  and  sunk  in  the  vicinity  of  the  shingle  bank  and 
quite  close  to  high-water  mark.  Had  they  wished  to  aid  the  sea 
and  destroy  their  beach  they  conld  not  haye  taken  a  more  effectual 
course.  They  have  indeed  done  about  the  worst  thing  they  could  have 
done  for  that  particular  shore.  The  scour  around  the  hulk,  in  a  few 
weeks,  has  caused  an  incursion  of  high-water  mark  of  30  ft.  on  the  lee 
side  of  the  obstruction.  The  symmetry  of  the  beach  is  destroyed, 
and  the  coming  winter  will  probably  see  an  extensiye  breach  in  the 
immediate  neighborhood. 

It  is  a  remarkable  fact  that,  while  it  is  usual  to  secure  expert 
assistance  for  drainage  systems,  water-supply  systems,  road -making, 
etc.,  etc.,  in  the  case  of  foreshore  protection — a  subject  of  great  diffi- 
culty and  complexity — corporations  and  private  individuals  alike  are 
wont  to  act  without  advice  or  in  direct  opposition  to  the  advice  they 
have  received.  This  sunken  barge  at  Wicklow  will  have  to  be 
removed,  and  this  will  probably  cost  more  than  was  expended  in 
putting  it  in  place.  In  the  somewhat  unworthy  attempt  to  get  out  of 
paying  engineer's  fees,  etc.,  this  little  council  of  self-constituted 
experts  have  run  themselves  into  considerable  expense  and  accelerated 
the  destruction  of  their  beach. 

A  few  more  particulars  as  to  actual  results  may  be  g^ven  here, 
though  the  brevity  of  this  paper  precludes  the  possibility  of  going 
into  many  interesting  details. 

When  Mr.  Case  took  the  South  wold  shore  in  hand,  early  in  1898, 
the  waves  were  constantly  breaking  down  the  sheet-piling  and  the 
low  concrete  wall  which  had  been  erected  for  the  protection  of  the 
rapidly  disappearing  cliffs.  High- water  mark  was  within  41  ft.  of  the 
cliff  face,  and  people  were  deserting  their  houses,  in  the  full  belief 
that  they  were  no  longer  safe. 

It  is  instructive  to  note  the  gradual  and  steady  improvement 
which  has  taken  place  on  this  shore  since  the  Case  groynes  were  put 
down,  and  Table  No.  1  shows  concisely  the  recession  of  high  and 
low-water  marks,  and  the  accumulation  of  beach,  in  tons  per  100  ft.  of 
coast-line. 

Thus  it  will  be  seen  that  this  large  accumulation  of  3  787  tons  of 
material  was  gathered  in,  ton  by  ton,  as  it  were,  and  that  the  pushing 
back  of  high- water  and  low-water  has  been  accomplished  step  by  step 
in  a  period  of  18  months.     During  the  year  1900  the  improvement  has 
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been  maintained,  and  the  groynes  have  been  raised  three  times;  the 
land  ends  of  the  original  groynes  haying  long  since  disappeared 
beneath  the  ever-increasing  new  shingle  bank,  the  depth  of  which  is 
between  6  and  7  ft.  at  its  deepest  point.  The  waves  of  the  highest 
tides  no  longer  reach  the  toe  of  the  cliffs,  and  the  residents  begin  to 
hope  that  their  homes  may,  after  all,  escape  destruction. 

TABLE  No.  1. 


RBCB88ION  OF  THB  SkA. 


Dates. 


April,  1806,  to  Sept.,  1806 
"        "     "  Oct.,     " 
it  ii      »t  Dac        **' 

"     "  Jan.','  1890. 
*'     "  Sept.,  "   . 


Distance 

to 

high-water 

mark. 


eoft 

88  " 

40  " 

48  " 

68  *» 


Distance 

to 

low-water 

mark. 


6  ft. 
15  " 
86  " 
40  " 
54  " 


Accumulation 
per  100  ft. 
on  the  coast 
line. 


882  tons. 
1  418     " 
8  4S4     '' 
8  187     " 
8  787     " 


The  action  of  these  groynes  is  well  shown  at  Lowestoft.  Fig.  1,. 
Plate  XXVIII,  is  a  photograph  taken  on  September  25th,  1898.  Fig. 
2,  Plate  XX7III,  was  taken  on  January  18th,  1899.  In  four  months 
all  three  groynes  have  been  almost  covered  by  the  deposit  of  sand  and 
shingle. 

At  Mnndesley,  on  the  Norfolk  coast,  the  system  has  been  applied 
very  snccessfnlly  in  conjunction  with  a  stepped  wall  especially 
adapted  to  meet  the  requirements  of  the  groynes.  As  will  be  seen  by 
reference  to  the  section,  Fig.  1,  the  major  axis  of  the  ellipse  terminates 
in  the  wall  just  below  the  promenade.  The  wall  itself  is  a  compara- 
tively  slight  structure,  but  quite  strong  enough  to  throw  back  any 
surface  water  which,  in  exceptionally  high  tides,  may  be  dashed 
against  it  in  the  form  of  surf.  Here,  again,  attention  is  particularly 
directed  to  the  manner  in  which  the  whole  shore  has  improved  in  sec- 
tion. In  October,  1898,  high-water  mark  was  practically  up  to  the  toe 
of  the  existing  wall;  in  6  months'  time  it  had  been  driven  back  nearly 
40  ft. ,  and  in  that  same  time  low- water  mark  had  receded  64  ft.  Nearly 
all  the  steps  of  the  wall  are  covered,  and  there  is  an  accumulation 
averaging  2  ft.  in  depth  for  a  distance  of  nearly  100  ft.  Lower  down, 
again,  at  a  distance  of  300  ft.  from  the  wall  the  sand  accumulation  ia 
more  than  3  ft.  deep  near  the  wall,  and  at  361  ft. — which  was  formerly 
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the  distance  o(  low-water  mark  from  the  oliff— there  is  now  a  deposit 
of  firm,  hard  sand,  2^  ft.  above  the  present  low-water  mark,  64  ft.  far- 
ther on.  The  acenmnlation  in  this  instance,  between  October,  1698, 
and  April,  1899,  was  oalcalatod  at  2  846  tons  per  100  ft.  of  coast  line. 

Attention  is  here  called  to  the  form  of  the  stepped  esplanade  wall. 
Fig.  3,  designed  hj  the  lata  Mr.  Edward  Case  and  his  snccessors, 
Messrs.  Case  and  Graj',  This  wall  is  light  and  inexpensive,  and  is 
pecnliarlj  well  adapted  for  use  in  oonjnnotion  with  the  Case  system  of 

grOTDlDg. 


SECTION  OF  WAU.  RECOMHENSED  FOR  USE  WITH  CASE  GROYNES 
Fio.  8. 

At  Sheringham  and  Beeston,  also  on  the  Norfolk  Coast,  are  to  be 
fonnd  instraotive  examples  of  the  treatment  of  three  foreshores, 
lying  side  bj  side,  two  of  them  having  been  treated  succeHsfiiUy  by  the 
Case  system,  while  the  third  is  at  present  in  a  neglected  and  ausatis- 
factory  condition.  The  foreehore  to  the  west  ia  the  property  of  a  pri- 
vate gentleman  (Mr.  Upoher) ;  then  comes  the  town  foreshore,  in  the 
middle;  and  then  the  Beeston  foreshore,  to  the  esst.  Mr.  Upcher's 
and  the  Beeston  shores  have  been  and  are  protected  by  accumnlations 
bronght  np  by  the  Case  groynes,  but  the  town  foreshore  is  un- 
protected, and  the  sea  is  continually  enoroaohing  all  along  the  new 
sea-walL 

In  Jnly,  1900,  there  was  a  depth  of  6  ft.  of  water  at  ordinary  spring 
tides  opposite  the  Crown  Hotel.  Careful  observations  and  measure- 
ments show  that  in  a  period  of  10  months  Mr.  Upcher's  foreshore  had 
accumulated  1  060  tons  per  100  ft.  of  frontage,  and  that  of  Beeston 
had,  in  the  same  time  and  over  the  same  frontage,  gained  to  the  extent 
of  1  149  tons.  All  this  time  the  unprotected  portion  had  gone  on 
wasting  away  at  the  rate  of  about  360  tons  per  100  ft.  of  frontage.     It 
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is  also  shown  that  high- water  mark  has  been  driven  back  at  Mr.  XJp- 
cher*s  and  at  the  Beeston  shores,  and  has  as  steadily  gained  on  the 
land  opposite  the  town. 

At  Cromer,  also  on  the  Norfolk  Coast  (see  Figs.  1  and  2,  Plate  XXIX), 
remarkable  results  have  followed  the  application  of  the  system. 

Fig.  1,  Plate  XXIX  shows  an  extensive  swale  at  Cromer  on  October 
29th,  1897;  and  Fig.  2,  Plate  XXIX,  is  a  view  of  the  same  place  taken 
two  months  later,  showing  the  obliteration  of  the  swale  as  a  result  of 
the  action  of  groynes. 

The  deep  scour  on  the  lee  side  of  high  timber  groynes  at  Cromer 
and  at  Overstrand  is  shown  in  Figs.  1  and  2,  Plate  XXX. 

It  is  a  strange  and  regrettable  fact  that  there  are  still  to  be  found 
those  who  persist  in  upholding  and  applying  worn-out  or  obsolete 
systems,  long  after  the  superiority  of  newly  discovered  methods  has 
been  incontestably  demonstrated.  Even  among  engineers  in  the  old 
country  there  yet  exists  a  tinge  of  seotiment  in  which  the  unreasoning 
^*  follow- my -leader  "  spirit  predominates.  Oblivious  of  the  fact  that 
the  one  great  aim  of  their  profession  is  to  utilisse  and  gpiide  the  forces 
of  Nature  to  the  greatest  advantage  for  the  good  of  mankind,  they, 
with  a  truly  pathetic  reverence  for  the  antiquated,  continue  to  work 
on  lines  altogether  unsuited  to  modern  requirements. 

Becoming  stereotyped  in  their  ideas,  they  are  prevented  from  using 
freely  their  intelligence,  and  marching  with  the  times.  Their  admiration 
for  some  old  name  or  some  old  school  blunts  and  fossilizes  their  senses 
to  such  an  extent  that  they  become  incapable  of  learning.  Fortu- 
nately, such  specimens  are  rare;  and  their  attempt  to  stand  still  in  a 
world  of  advancement  can  only  lead  to  their  being  trampled  under  the 
feet  of  the  thousands  in  search  of  progress  and  improvement. 

With  stick-in-the-mud  principles  we  should  have  no  sympathy, 
and  nothing  in  common.  When  the  superiority  of  a  repeating  rifle 
over  a  flint-lock,  as  a  weapon  of  destruction,  has  been  proved,  we  no 
lonjf^er  go  to  war  armed  with  the  latter  weapon;  nor  do  we  clamor  for 
the  rough-and-ready  surgery  of  the  Dark  Ages  when  we  know  we  have 
better  science  and  appliances  at  hand.  Every  scientific  manipulation 
of  matter  which  brings  increased  efficiency  at  less  cost  should  meet 
with  attention  and  support;  every  step  in  the  right  direction  should 
be  hailed  with  delight. 

It  was  pointed  out  in  the  writer's  paper  before  the  Institution  of 
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Civil  Engineers  of  Ireland  that,  if  ve  tarn  to  a  consideration  of  the 
actual  results  produced  by  high  groynes,  which  engineers  have  for 
years  past  adopted  all  around  these  coasts,  we  will  find  that,  in  99  ca^es 
out  of  100,  scours  are  caused  at  the  very  points  which  it  is  necessary 
to  protect.     The  Hastings  and  St.  Leonards  foreshore  furnishes  an 
excellent  example;     It  is  typical  of  the  high-groyne  system.     There 
are  deep  scours  on  the  lee  sides  of  all  the  groynes,  and  the  shore,  when 
viewed  from  the  sea,  has  the  appearance  of  a  large  saw.  Each  groyne  is 
a  distinct  source  of  weakness  to  the  wall  as  a  whole.     The  scours  to 
the  lee  are  turned  into  small  deep  fiords  at  high  tide,  and  into  these 
the  sea  rushes  with  terrific  force  whenever  there  is  a  storm  dead  on 
shore  or  from  the  southeast.  During  such  a  storm,  the  wall  is  attacked 
at  its  lowest  foundations.     On  the  Hastings  shore  there  is  marked 
scour  all  along  the  sea  ends  of  the  high  groynes,  the  soft  yellow  sand- 
stone being  exposed  and  constantly  subject  to  erosion  through  the 
sawing  action  of  flint  shingle,  which  is  carried  laterally  along  the  shore 
with  every  tide.    In  the  course  of  time,  this  encroachment  must  reach 
the  line  of  the  esplanade  wall  many  feet  below  its  present  foundations, 
and  the  expense  of  underpinning,  toe- walls,  sheet-piling,  etc.,  will  be 
very  heavy.     The  serious  objections  to  the  ordinary  high  groynes  may 
be  summed  up  as  follows:  (1)  scour  close  up  to  wall;  (2)  scour  at  or 
about  mean  sea  level,  and  general  denudation  of  the  shore  between 
mean  sea  level  and  low- water  mark;  (3)  danger  to  children;  (4)  impos- 
sibility of  getting  along  the  beach  without  the  exercise  of  more  than 
ordinary  agility  in  climbing  up  or  down  vertical  structures  of  8  or  10 
ft.  in  height.     It  is  not  going  too  far  to  say  that  one  or  more  of  these 
objections  apply  to  nearly  every  shore  in  the  British  Isles  where  high 
groynes  have  been  used. 

An  examination  into  the  causes  of  breaches  in  sea-walls  has  con- 
vinced the  writer  that  the  mischief  is  very  frequently  traceable  to  the 
existence  of  some  high  groyne  in  the  vicinity  of  the  breach.  Corpora- 
tions continue  to  vote  large  sums  of  money  for  the  erection  of  costly 
high  groynes  of  an  obsolete  pattern,  each  of  which  is  in  itself  a  dis- 
tinct menace;  and,  regardless  of  the  object  lessons  with  which  they  are 
surrounded,  really  add  to  the  cost  of  maintaining  their  walls  without 
bringing  about  any  permanent  improvement  in  their  foreshores.  The 
Brighton  authorities  have  expended,  and  are  expending,  large  sums 
of  money  on  the  unsightly  high  groynes,  and  it  is  not  going  too  far  to 
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say  that  the  Brighton  shore  would  be  more  attractive  and  more  safe 
had  these  high  groynes  never  been  constmcted.  The  authorities  at 
most  seaside  places  are  qnite  contented  to  go  on  spending  money,  in 
the  happy  belief  that  what  was  good  enough  for  their  predecessors  is 
good  enough  for  them.  They  have  a  particular  aversion  to  anything 
new,  and  the  saving  of  cost  and  scientific  nature  of  a  discovery  seem 
in  themselves  to  be  elements  or  factors  to  be  regarded  with  suspicion 
and  disfavor.  It  is  a  very  long  time  before  Captain  Eads  could  get 
anything  like  a  hearing  when  he  advanced  his  scheme  for  deepening 
the  Mississippi  Estaary,  and  yet  the  scheme  itself  was  simple  and 
inexpensive,  highly  scientific,  and,  as  results  showed,  eminently  prac- 
tical. 

The  writer  has  now  under  his  observation  several  sea-walls  where 
the  approach  of  low- water  mark  to  the  foundations  has  necessitated 
the  addition  of  toe-walls  from  time  to  time,  and  he  can  produce 
abundant  evidence  to  show  the  damage  done  by  high  groynes  in  such 
oases,  not  only  near  the  wall,  but  at  mean  sea  level,  where  probably 
the  worst  erosion  takes  place.  It  would  be  easy  enough  to  multiply 
examples  of  the  damage  done  by  high  groynes;  and  the  writer  will  be 
pleased  to  furnish  actual  details  with  respect  to  numerous  shores, 
both  in  England  and  Ireland,  which  have  been  under  his  close  observa- 
tion for  many  years  past. 

The  writer  regrets  that,  within  the  limits  of  this  short  paper,  it  is 

impossible  to  discuss  even  briefly  the  important  questions  of  traveling 

material,  ocean  currents  and  sub-oceanic  deposits,  but  he  ventures  to 

quote  a  portion  of  a  letter  from  his  pen,  which  appeared  in  the  Times 

of  October  14th,  1899.     This  letter  was  written  in  order  to  call  the 

serious  attention  of  the  authorities  to  the  importance  of  watching 

scientifically  the  coast  line  all  around  the  British  Isles. 

*<At  the  present  time  there  is  absolutely  no  official  and  reliable 
record  of  the  changes  annually  taking  place  round  our  coasts,  and 
these  changes  are  constantly  affecting  buildings  and  other  works  which 
have  been  carried  out  at  a  large  outlay  of  public  money.  Light-houses, 
coastguard  stations,  roads,  and  other  necessary  structures  are  main- 
tained chiefly  at  the  national  expense,  or  by  county  councils  and  local 
authorities,  and  it  would,  I  am  sure,  be  advantageous  if  annual  surveys 
were  taken  and  returns  given  which  would  enable  engineers  to  take 
the  necessary  protective  steps  before  any  serious  damage  had  occurred. 
The  Admiralty  charts  are  excellent  for  deep-sea  soundings  and  for  the 
purpose  of  navigation,  but  they  contain  very  little  information  on  the 
question  of  currents  affecting  the  coast  line,  and  it  would  require  the 
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careful  attention  of  a  department  to  keep  a  eatisfactory  record  which 
•could  be  relied  upon  when  the  time  for  action  arrived.  Ab  matters 
fltand  at  present,  it  is,  as  a  rule,  only  at  the  eleventh  hour,  and  after 
considerable  damage  has  been  done,  that  an  engineer  is  called  in,  and 
the  mischief  is  then  probably  so  considerable  that  only  a  large  expendi- 
ture of  money  can  save  the  situation;  whereas,  had  the  note  of  warn- 
ing been  struck  a  year  or  fcwo  sooner,  the  catastrophe  might  have  been 
averted  at  comparatively  trifling  cost.  Amongst  the  duties  of  the  sug-' 
ested  department  the  following  maybe  enumerated:  (1)  the  systematic 
and  repeated  taking  of  sections  (over  the  same  lines)  on  all  shores,  as 
well  as  contours  of  high-water,  low-water,  and  mean  sea-level  lines — 
this  latter  is  very  important,  as  much  damage  is  done  during  storms 
taking  place  at  half- tide;  (2)  the  taking  of  soundings;  (3)  calculations 
based  on  observations  respecting  the  varying  rates  and  directions  of 
currents  at  high-water  and  low-water  and  mean  sea-level;  (4)  observa- 
tions as  to  the  velocity  and  vis  viva  of  waves;  (5)  observations  on  the 
travel  of  beach,  sand  and  other  material,  especially  round  headlands, 
piers,  breakwaters,  and  across  bays  and  the  estuaries  of  rivers.  As  one 
of  the  superintending  engineers  of  the  late  Mr.  Edward  Case,  I  had 
frequent  opportunities  of  discussing  the  question  with  this  gentleman, 
whose  system  of  groyning  is  now  so  well  known  and  appreciated  at 
many  places  in  England  and  Ireland,  and  we  invariably  came  to  the 
conclusion  that  the  whole  question  should  be  dealt  with  as  a  national 
one,  and  that  all  shores — save  alone  rockbound  coasts,  the  alteration 
in  which  is  so  slow  as  to  be  practically  nil — should  be  closely  watched 
by  the  State.  The  Ordnance  Survey  maps  are,  of  course,  admirable, 
but  they  only  show  the  changes  in  high  and  low-water  marks  at  long 
intervals  of  time.  What  we  require  is  a  succession  of  observations  by 
means  of  which  iUy  mischief  may  be  readily  detected,  and  deal  with  it 
in  its  initial  stage,  on  the  '  stitch- in-time  *  principle.  Did  space  allow, 
I  3ould  multiply  examples  of  instances  where  acres  of  valuable  land 
and  house  property  have  been  lost,  an  engineer  only  being  called  in  at 
the  last  moment,  when  some  country  road,  building,  or  a  railway  line 
was  in  jeopardy.  This  kind  of  thing  is  hardly  fair  to  the  profession, 
and  is  analogous  to  calling  in  a  doctor  to  see  a  moribund  patient. 
Cases  like  this  would  not  occur  if  the  State  took  the  matter  up;  for 
the  competent  men  in  charge  of  the  department  would  at  once  give 
notice  on  the  approach  of  danger,  which  might  be  threatening,  not 
only  the  immediate  foreshore  owners,  but  the  owners  of  low-lying  prop- 
erty far  inland,  and  the  proportion  of  cost  to  be  borne  by  all  interested 
in  the  necessary  works  could  then  be  determined.  Procrastination — 
that  worst  enemy  to  economy — would  be  avoided,  and  everyone  would 
benefit.  How  such  a  department  should  be  constituted,  and  whether 
it  should  be  under  the  control  of  the  Admiralty,  the  Board  of  Trade, 
or  the  Office  of  Woods  and  Forests,  are  questions  quite  out  of  my  line, 
but  from  observation  and  experience  I  believe  that  a  large  saving  in 
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the  fntore  would  result  from  the  adoption  of  some  such  scheme  as  I. 
have  suggested." 

Soon  after  the  appearance  of  this  letter  the  writer  got  into  com* 

munication  with  the  Board  of  Trade  and  the  Board  of  Agriculture^ 

and  received  the  following  replies: 

"  7,  Whttbhalij  Gardens, 
**  London,  S.  W., 

'*  October  17,  1899. 
(Board  of  Trade,  Fisheries  and  Harbour  Department.) 
**  B.  G.  AiiLANSoN-WiNN,  Esq. 
"Sib: 
**  With  reference  to  your  letter  of  the  4th  inst.,  relative  to  a  sug- 
gested  establishment  of  a  department  to  undertake  various  duties  in 
connection  with  the  protection  of  the  coast  of  this  country  against 
erosion  by  the  action  of  the  sea,  I  am  directed  by  the  Board  of  Trade 
to  inform  you  that  it  appears  to  the  Board  that  the  proposal,  if  carried 
out,  would  entail  very  considerable  expense,  and  would  probably 
necessitate  the  revision  of  many  Acts  of  Parliament  under  which  tha 
coasts  are  now  protected.     In  all  the  circumstances  of  the  case  the 
Board  of  Trade  are  disposed  to  think  that  the  scheme  is  not  feasible 
at  present. 

**Iam,  Sir, 

**  Your  obedient  servant, 

"T.  H.  W.  PEIiHAM.'" 

• 

**  Board  of  Aobigultube, 

**  3,  St.  Jakes*  Square, 
**  London,  S.  W., 

**  January  6,  1900. 
**  R.  G.  AliiANSOn-Winn,  Esq. 
"Sib: 
**  I  am  directed  by  the  Board  of  Agriculture  to  advert  to  your 
letter  of  the  9th  ult.,  and  to  say  that  the  Board  have  read  your  com- 
munication with  much  interest.     The  only  portion  of  the  work  which 
you  propose  should  be  undertaken  by  the  Government  which  it  would 
be  practicable  to  entrust  to  the  Ordnance  Survey  is  that  which  relates 
to  the  systematic  and  repeated  taking  of  sections  and  contours  of  all 
shores  subjected  to  change,  and  the  Board  do  not  think  that  it  is  at 
all  probable  that  the  Treasury  would  feel  justified  in  providing  at  the 
public  cost  for  the  considerable  expenditure  requisite  for  the  purpose. 
The  Board  might,  however,  suggest  that  your  proposals  might  be 
brought  under  the  notice  of  their  lordships  and  the  Admiralty. 

"  I  am,  Sir, 

**  Your  obedient  servant, 

"  P.  G.  Cbaigib, 

'*  Assistant  Secretary,'^ 
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The  serious  disturbance  in  South  Africa  then  commenced,  and,  with 
public  attention  so  much  absorbed  in  the  war,  it  was  out  of  the  ques* 
tion  to  worry  Government  departments  with  a  matter  of  such  sec* 
ondarj  importance. 

It  must  be  admitted  that  in  Germany  the  State  sets  a  good  example 
by  encouraging  such  work  as  that  now  being  carried  on  by  Professor 
Ekigels  at  the  Flussbau  Laboratorium  in  Dresden.  One  would  think 
tbat  the  wearing  away  of  their  native  shores  should  be  as  important 
to  English,  Irish  and  Scotchmen  as  the  changing  of  the  course  of  the 
lilbe,  the  Rhine  or  the  Spree  can  be  to  the  Germans.  However  this 
may  be,  in  the  Dresden  Technical  School  the  fullest  encouragement 
is  afforded  to  scientific  discoveries  and  experiments.  Models  of  im- 
portant rivers  are  made,  and  the  professor  and  his  assistants  are 
enabled,  by  the  introduction  of  different  colored  sands  and  the  regu- 
lation of  the  water  supply,  to  arrive  at  a  very  fair  idea  of  what  may 
happen  in  floods  and  droughts,  where  banks  are  likely  to  be  scoured 
away  and  where  material  is  likely  to  accumulate.  Contours  of  the 
channels  and  shore  lines  of  many  of  the  great  German  rivers  have 
been  laid  down  with  accuracy,  and  Professor  Engels  has  been  able  to 
copy  in  his  models  all  the  breakwaters,  curves  and  embankments. 
The  idea  is  that,  by  testing  certain  alterations,  such  as  building  dams, 
reclaiming  lands,  etc. ,  in  the  model,  engineers  may  be  placed  on  their 
guard,  and  so  avoid  doing  what  may  lead  to  useless  expenditure. 
All  this  shows  how  keenly  the  German  Government  is  alive  to  the  de- 
sirability of  improving — without  unduly  interfering  with  the  rights 
of  individuals — ^the  general  condition  of  the  country. 

The  gleaming  cliffs  and  yellow  sands  of  Great  Britain  receive  no 
such  attention.  It  is  only  when  some  public  road  or  wall,  or  some 
railway  line,  is  attacked  that  attention  is  drawn  to  what  the  sea  is 
doing,  and  it  is  then  very  often  too  late  to  take  protective  steps,  except 
at  great  cost.  The  sea  requires  constant  watching;  and  the  writer 
contends  that  if  this  watching  were  carried  out  properly  and  scientifi- 
cally, engineers  would  not  find  themselves  so  often  taken  by  surjprise, 
there  would  be  fewer  bad  cases  of  erosion,  and  a  considerable  acreage 
might  be  annually  saved. 

An  inspection  of  certain  shores  in  the  neighborhood  of  New  York 
City  and  in  New  Jersey  has  convinced  the  writer  that  there  is  a  very 
large  travel  of  material  along  the  coast  line,  and,  from  reports  re- 
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oeived,  be  is  inclined  to  believe  tbat  tbis  is  tbe  case  all  the  waj  down 
tbe  eastern  sbores  of  tbe  United  States.  There  is  plenty  of  carrying 
power  in  the  Atlantic,  and,  tbe  occurrence  of  rongh  weather  being 
favorable  to  tbe  rapid  action  of  low  groynes,  there  can  be  little  donbt 
that  the  Case  system  would  succeed  wherever  correctly  applied  for  tbe 
protection  and  improvement  of  those  shores. 
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SEPARATE  VERSUS  GENERAL  CONTRACTS. 
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Subject  fob  Discussion. 

''  In  contract  work,  either  public  or  private,  is  it  preferable  to 
make  separate  contracts  for  the  different  branches  of  trades  involved, 
or  to  combine  all  under  one  general  contract?  " 


By  Messrs.  Gboboe  K  Gitfobd,  T.  Chaullet  Hatton,  GHASiiEs  G. 
Dabbach,  B.  Bent  BnssELii,  M.  Ward  Easbt,  GnABiiEs  Wobthinoton 
and  HoBACE  Andbews. 

GeoboeE.  GrPFOBD,  M.  Am.  Soc.  C.  E. — The  topic  under  discus- Mr.  Giffopd. 
sion  will  be  regarded  by  the  speaker  primarily  from  the  standpoint  of 
the  contractor,  and  by  giving  the  views  of  the  contractor,  he  hopes  to 
show  the  owner,  the  purchaser,  or  the  consulting  engineer,  that  his 
own  interests  lie  with  the  contractor  in  this  matter.  He  believes  that 
contractors  almost  universally  will  agree  that  the  dividing  up  of  con- 
tract work,  so  that  each  principal  branch  is  under  original  contract 
with  the  purchaser,  is  preferable  to  the  making  of  one  general  con- 
tract which  must  be  sublet  to  specialists  in  the  different  trades. 

The  speaker  has  talked  with  many  contractors  on  this  subject,  and 

*  The  discussion  ct  this  subject,  for  wliich  no  formal  paper  was  presented,  Is  printed 
in  Proceedings  in  order  that  the  yiews  expressed  may  be  oroufi^ht  before  all  mem  oers  of 
the  Sodety  for  further  diacufision.  (See  Rules  for  Publication,  Proceedings^  vol.  xzv. 
p.  71  ) 

Communications  on  this  subject  receiyed  prior  to  September  28th,  1902,  will  be  pub- 
ishni  tfubeequently. 
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Mr.  Gifford.  does  not  recollect  ever  hearing  one  say  that  he  preferred  the  general 
contract  system.  It  is  recognized,  of  conrse,  that  there  have  been 
formed  large  contracting  firms  and  corporations  who  are  ready  to 
undertake  work  of  almost  any  magnitude,  and  involving  many  differ- 
ent trades.  This  has  been  brought  about  not  so  much  from  preference 
as  from  necessity,  because  the  greater  part  of  government  and  munici- 
pal work  is  being  let  in  this  way,  and,  in  order  to  bid  upon  it  at  all, 
the  contractor  must  take  it  as  a  whole.  This  is  also  true  of  some  pri- 
vate work,  especially  the  large  building  constructions. 

In  many  cases  the  contracting  firm  consists  simply  of  an  office; 
practically  all  its  actual  operations  are  performed  by  sub- con  tractors, 
and  the  most  important  man  in  the  whole  outfit  is  the  purchasing 
agent.  He  does  what  the  consulting  engineer  or  the  architect  should 
do  at  first  hand  for  his  clients.  In  other  cases  the  contracting  firm 
makes  a  specialty  of  some  particular  branch  of  work,  we  will  say  ma- 
son-work or  steel -work,  and  actually  carries  out  this  portion  of  the  con- 
tract with  his  own  appliances  or  at  his  own  shops.  The  remainder, 
which  he  cannot  do  himself,  he  is  obliged  to  sublet  or  "  farm  out," 
as  it  is  called,  or  else  undertake  operations  with  which  he  is  not  famil- 
iar and  which  he  can  only  carry  out  at  a  disadvantage.  He  would  much 
prefer  to  have  only  such  work  as  he  himself  can  perform,  but  is  obliged 
to  take  the  remainder  in  order  to  get  his  portion.  The  consequence  is 
he  is  loaded  up  with  a  lot  of  work  which  he  is  not  adapted  to  perform, 
but  for  which  he  has  to  be  financially  responsible,  and  he  either  does 
it  at  a  loss  to  himself  or  at  a  loss  to  the  purchaser. 

It  may  be  urged  that  the  proper  way  to  overcome  this  difficulty  is 
by  a  combination  of  contractors  in  different  lines  who  are  willing  to 
'  unite  their  bids  in  a  grand  total,  including  only  one  profit,  and  each 
one  then  perform  his  portion  of  the  work.  This  is  no  doubt  what  the 
purchaser,  the  engineer,  or  the  architect  thinks  will  be  done  when  he 
receives  proposals  in  this  way.  The  only  trouble  with  this  theory  is 
that  it  does  not  harmonize  with  practice.  There  is  not  an  entire  una- 
nimity of  opinion  and  complete  trust  in  one  another  among  contractors 
in  different  trades,  which  is  no  doubt  to  be  regretted,  but  which  fact, 
nevertheless,  remains.  In  a  community-of-intereut  contract  someone 
has  to  be  the  principal;  someone  must  be  designated  as  the  main  con- 
tractor, must  receive  the  instructions,  confer  with  the  owner  or  his 
agents,  draw  the  pay  and  settle  with  the  others.     There  is  the  rub. 

What  is  the  practical  way  in  which  general  contract  work  is  actually 
taken? 

We  will  assume  our  contract  to  be  a  large  city  bridge,  involving  sub- 
structure, possibly  with  pneumatic  foundations,  dredging,  cut-stone 
masonry,  concrete,  excavation,  embankment,  paving,  sidewalks,  perhaps 
some  sewers  to  be  extended  or  moved,  and  water  pipes  to  be  changed. 
Then  we  have  the  superstructure  with  a  draw  span  which  will  involve 
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not  on! J  the  stmctnral  steel,  but  various  kinds  of  machinery,  electric  Mr.  GiffonL 
znotors,  electric  lighting  plant,  a  little  carpenter  work,  some  automatic 
^ates,  fancy  hand  railing,  asphalt  paving,  and  painting.     There  have 
l)een  bridges  let  in  New  York  City  the  bidding  sheet  of  which  showed 
more  than  one  hundred  items  for  which  prices  had  to  be  inserted. 

We  will  assume  further  that  the  substructure  and  the  super- 
structure (it  being  unnecessary  to  designate  specifically  before  this 
Society  just  what  items  are  included  under  the  above  heads)  are 
Approximately  equal.  The  bridge  builder,  for  example,  begins  to 
prepare  his  bid  and  finds  that  he  must  either  combine  with  some  other 
contractor  who  will  take  care  of  all  paris  of  the  work  which  are  tech- 
nically known  as  substructure  or  general  contract  work;  or  he  must 
^et  prices  on  the  separate  items  from  tradesmen  of  all  branches;  or 
he  may  assume  that  he  knows  enough  about  work  of  this  kind  to  make 
Jus  own  figures  for  everything. 

The  chances  are  that  the  first  mentioned  alternative  will  be  met 
with  the  statement:  *' We  will  make  you  figures  for  our  part  of  the 
work  provided  you  will  agree  to  tie  up  with  us."  This  may  be  the 
most  satisfactory  way  in  the  end,  provided  the  bid  is  successful;  if 
not,  there  follow  the  usual  charges,  expressed  or  implied,  that  the 
bidder  was  *'  thrown  down  "  by  a  bid  too  high,  and  if  he  is  the  suc- 
cessful bidder  and  finds  that  other  figures,  better  than  those  given  to 
him,  hare  been  submitted,  he  regrets  his  inability  to  deal  with  a  cheaper 
party. 

This  plan  also  presupposes  absolute  confidence  between  the 
parties  to  the  proposal,  as  to  fair  dealing  all  around,  and  this  does  not 
^ways  follow.  Many  of  the  largest  contractors  and  steel  workers 
absolutely  refuse  to  make  prices  to  other  contractors  in  advance  of 
the  receipt  of  the  contract;  and  in  some  cases  will  even  decline  to  bid 
to  another  contractor,  even  though  he  holds  the  contract;  the  position 
of  sub-contractor  being  so  undesirable,  for  many  reasons,  particularly 
the  inability  to  deal  directly  with  the  owner,  and  the  financial  delays 
And  losses  involved  in  case  the  main  contractor  is  slow  pay  or  becomes 
financially  embarrassed.  The  speaker  knows  what  he  is  saying,  in 
making  these  statements,  from  the  fact  that  the  firm  which  he  repre- 
,  «ents  almost  invariably  declines  to  assume  the  position  of  sub-con- 
tractor on  any  work      He  knows  of  others  who  feel  the  same  way. 

Betuming  to  the  second  method  of  preparing  a  proposal,  that  of 
getting  separate  prices  on  all  the  different  classes  of  work,  we  find  a 
marked  disinclination,  on  the  part  of  dealers  and  tradesmen,  to  give 
their  best  figures  for  bidding  purposes,  if  they  will  give  them  at  all. 
An  inquiry  of  the  sort  is  likely  to  be  met  with  the  question:  **  Have 
you  this  contract?"  The  answer  being  **  No,"  it  is  likely  that  an  ex- 
cuse will  be  offered,  such  as  *•  too  busy  to  figure  just  now, "or  else  the 
statement:  '*  We  will  give  you  a  safe  price  with  which  to  bid;  but,  in 
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Mr.  Gifford.  case  yon  secure  the  contract,  we  may  be  able  to  do  better,  and  expect 
to  hear  from  yon  again. "  Is  this  likely  to  be  satisfactory  to  the  bid- 
der desiring  to  make  a  close  bid?  And  after  he  had  added  his  b%, 
^0%,  or  whateyer  he  sees  fit  to  cover  the  financing  of  the  job,  contin- 
gencies, and  his  profit,  is  it  likely  to  be  an  economical  method  for  the 
purchaser? 

No  doubt,  if  eyery  contractor  had  the  skill,  and  knowledge  of  costs 
and  conditions  to  make  up  his  own  figures  for  all  classes  of  work,  ii 
might  be  best  to  make  a  general  contract.     Sometimes  he  attempts  to 
do  this,  with  the  result  that  he  is  entirely  too  liberal  in  his  estimate, 
and  loses  the  work,  or  else  makes  a  mistake  somewhere,  and,  when  he 
comes  to  do  the  work  or  purchase  his  supplies,  finds  that  there  is  a. 
corner  against  him,  or  some  condition  has  arisen  in  the  market  or  in 
labor  which  he  has  not  accounted  for.     It  is  practically  impossible  for 
one  man  or  one  firm  to  be  fully  posted  on  all  the  branches  of  work  en- 
tering into  a  large  bridge  or  building  contract.     The  consequence 
is    he  finds   that    he   has    a   losing  contract,   a  highly  undesirable 
state  of  affairs,  not  only  for  himself,  but  for  the  purchaser.     There  is 
probably  no  engineer  or  owner  who  desires  to  see  his  contractor  lose 
money;  it  is  certainly  bad  for  the  contractor,  and  a  sonroe  of  great 
trouble  to  the  purchaser,  if  not  an  actual  detriment  to  the  work.     Of 
course,  it  is  not  right  to  assume  that  all  contracts  will  be  profitable, 
eyenif  taken  and  prosecuted  by  specialists;  all  are  likely  to  make 
mistakes;  but  it  is  fair  to  presume  that  fewer  mistakes  are  made  in 
one's  own  line  of  work  than  in  something  with  which  one  is  not 
familiar. 

The  subject  has  thus  far  been  considered  principally  from  the 
standpoint  of  the  contractor,  and  the  speaker  has  endeayored  to  show 
wherein  it  would  benefit  the  contractor  to  take  only  his  own  kind  of 
work.  In  order  to  bring  this  about  it  must  be  shown  to  the  pur- 
chaser, or  the  engineer  or  architect  who  represents  him,  that  he  wiU 
benefit  by  dealing  separately.  The  principal  argument  ofiered  in  sup- 
port of  the  general  contract  system  is  the  supposed  advantage  of 
haying  only  one  party  to  deal  with,  and  the  presumption  that  trouble 
among  independent  contractors  on  the  same  work  will  be  avoided  by 
having  them  all  under  one  control.  The  first  proposition  practically  in- 
cludes the  second,  and,  while  it  may  avoid  some  clerical  or  office  work, 
it  surely  does  not  avoid  anything  in  superintendence  or  inspection; 
and  the  fact  that  the  combining  of  a  large  contract  under  one  head 
will  eliminate  a  large  amount  of  competition  would  seem  to  far  out- 
weigh a  slight  saving  of  detail  in  drawing  up  a  few  extra  contracts  or- 
making  a  few  extra  vouchers  for  payment. 

It  is  a  fact  that  the  general-contract  method  eliminates  competi- 
tion. As  an  example,  may  be  quoted  the  bridge  work  for  the  State  of 
New  York.     The  bulk  of  this  work  consists  of  not  very  large  bridges 
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over  the  canals,  some  of  them  aggregating  perhaps  950  000,  but  most  Mr.  Oifford. 
of  them  moch  less.  It  is  the  Inyariable  practice  in  the  Department 
of  Public  Works  to  make  one  contract  to  cover  each  structure,  and 
thej  nearly  all  inyolve  a  little  concrete,  a  little  excavation,  a  little 
embankment,  and  so  on,  together  with  the  steel  superstructure,  which, 
in  the  case  of  lift-bridges,  may  be  quite  complicated.  The  conse- 
quence is  that  there  is  little  or  no  competition  in  this  State  work,  and 
in  case  thej  are  so  fortunate  as  to  receive  two  or  three  bids,  about  half 
the  time  the  bids  exceed  the  appropriation,  because  excessive  prices 
are  put  in  for  the  little  odds  and  ends  of  work  which  the  bridge 
builder  does  not  want,  but  has  to  take  in  order  to  get  the  steel-work. 

A  local  contractor,  knowing  or  being  able  to  ascertain  easily  the 
conditions  prevailing,  could  take  care  of  these  items  well  and  eco- 
nomically, but  he  is  practically  debarred  from  bidding  because  he 
cannot  bid  on  the  bridge  and  cannot  find  any  bridge  company  who 
will  give  him  a  price.  The  bridge  companies,  on  the  other  hand,  at 
least  a  good  many  of  them,  not  wishing  to  be  bothered  with  the  sub- 
structure work,  especially  under  present  conditions,  when  there  is 
plenty  of  more  desirable  work,  do  not  prepare  any  estimate,  and  the 
result  is  as  stated;  there  is  practically  no  competition  and  the  prices 
are  excessive. 

There  is  no  doubt  whatever  that  much  better  results  would  be  ob* 
tained  if  this  work  could  be  divided  into,  perhaps,  not  more  than  two 
separate  contracts.  The  speaker  once  took  occasion  to  ask  an  official 
of  the  State  why  they  adhered  to  this  practice,  and  found  that  it  is 
because  when  the  laws  making  the  appropriations  are  passed,  they 
direct  that  such  and  such  moneys  be  appropriated  and  **  a  contract  ** 
be  entered  into  for  the  work.  The  officials  feel  that  they  are  bound  to 
adhere  rigidly  to  the  letter  of  the  law.  It  seems  to  be  nobody's  busi- 
ness to  change  this  form  of  wording.  This  is  only  a  typical  case.  The 
speaker  could  quote  many  instances  where,  of  his  own  knowledge,  the 
method  of  combining  different  kinds  of  work  under  one  contract  has 
prevented  competition  and  raised  the  cost. 

It  seems  strange  that  among  the  chief  adherents  to  this  method  is 
the  United  States,  in  its  various  departments,  and  the  largest  muni- 
cipalities of  the  country.  We  scarcely  ever  find  it  among  the  railroad 
companies,  who  regard  the  economical  aspect  more  carefully  than 
public  officials.  The  Navy  Department,  for  example,  in  letting  the 
contract  for  a  building,  will  include  all  masonry,  carpentry,  steel- 
work, plumbing,  etc.,  under  one  contract.  This  surely  precludes  a 
certain  amount  of  competition,  and  presumably  is  an  expensive 
method,  for  the  reasons  stated  above.  Some  of  the  principal  bridge 
companies  have  practically  turned  down  Navy  Department  work, 
although  quite  desirable  in  itself;  but  it  cannot  be  secured  without 
taking  much  work  which  is  not  desirable,  or  else  under  a  sub-con- 
tract, with  its  attendant  disagreeable  features. 
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Mr.  oifford.       The  same  comment  applies  to  the  Treasury  Department  work,  let 

by  the  Supervising  Architect.     Not  long  ago  an  officer  of  one  of  the 

large  bridge  companies  wrote  to  the  speaker,  as  follows: 

*'The  National  Association  of  Metal  Work  Manufacturers  has  been 
for  months  at  Work  on  the  Government  to  get  them  to  separate  steel 
and  iron- work  from  general  contracts  for  public  buildings,  and  believe 
they  are  about  to  succeed. " 

The  speaker  hopes  they  may  succeed,  but  has  not  yet  been  informed 
that  they  have  done  so. 

Within  the  last  few  months  the  speaker  received  the  following 

inquiry,  in  a  letter  from  the  engineer  of  one  of  the  largest  bridge 

structures  now  in  progress  in  this  country : 

*•  Do  you  prefer  bidding  on  substructure  and  superstructure 
tqKether,  in  one  contract,  or  bidding  on  the  superstructure  alone? 
Wnat  are  your  controlling  reasons  therefor?  It  is  assumed  in  this 
question  that  the  cost  of  substructure  is  not  less  than  one-third  of  the 
entire  contract. " 

To  which  the  speaker  replied  as  follows: 

''  We  prefer  bidding  on  the  superstructure  alone,  making  the  sub- 
structure contract  an  independent  one,  to  be  handled  by  other  parties, 
presumably  those  in  that  special  line  of  work.  As  to  our  reasons,  the 
general  statement  that  we  are  in  the  bridge  business  only,  and  under- 
stand it  only,  would  seem  to  make  any  other  reason  unnecessary.  The 
employment  of  sub-contractors  is  frequently  a  nuisance,  and  always 
undesirable  to  us." 

The  speaker  was  afterward  informed  by  this  engineer  that 
several  other  prospective  bidders  had  answered  in  a  similar  man- 
ner. 

A  letter*  by  Edgar  A.  Bossiter,  Engineer,  Department  of  Track 
Elevation,  Chicago,  Dl.,  states: 

•*In  regard  to  the  discussion  over  the  new  Genesee  Ave.  bridge  at 
Saginaw,  Mich.,  would  state.  *  *  n^  Bids  should  be  asked  on  the 
substructure  and  superstructure  separately,  and  then  many  reputable 
companies  would  be  glad  to  submit  detail  plans  of  superstructure,  as 
it  would  be  right  in  line  with  their  work  and  they  can  do  so  without 
excessive  expense.  There  are  many  bridge  iirms  who  can  obtain 
all  the  work  they  desire  at  the  present  time  in  superstructure 
alone,  and  do  not  care  to  figure  on  substructure,  others  will  not 
figure  where  the  substructure  and  general  conditions  existing  are  an 
unknown  quant itv;  all  these  features  reduce  the  number  of  bidders  to 
a  few,  and  then  tue  lowest  figure  is  based  on  a  guess  or  inside  knowl- 
edge of  the  facts.     *    *    «    " 

Following  up  this  line,  the  speaker  took  occasion  to  write  to  a 
contractor,  who,  he  had  reason  to  think,  had  probably  bid  on  this  Sagi- 
naw job.  This  is  his  reply,  and  it  bears  out  the  speaker  s  contention 
so  fully  that  it  is  quoted  in  full: 

"Beplying  to  your  favor  asking  our  opinion  as  to  the  advisability 
of  making  separate  contracts  for  difierent  branches  or  trades  involved 

*  Engineering  News^  February  18th,  1902. 
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in  bridge  -work,  will  say  that  we  think  it  is  decidedly  advantageous  to  Mr.  oifford* 
the  purchaser  to  let  the  contracts  for  the  different  trades  separately ; 
steel  superstructure  in  one  contract,  masonry   or  concrete  work  in 
another. 

''  It  is  a  fact  that  we  frequently  refuse  to  bid  upon  work  for  the  rea- 
son that  we  would  have  to  bid  upon  masonry  as  well  as  superstruc- 
ture. In  cases  where  we  do  bid  on  the  entire  job  complete,  we 
always  intend  to  bid  safe  and  high  enough  on  the  substructure  so 
we  can  turn  around  and  sublet  it  to  men  who  are  engaged  in  that  line 
of  work.  We  think  there  is  no  question  but  what,  as  a  rule,  money 
can  be  saved  the  purchaser  if  contracts  are  let  separately. 

"  At  the  Saginaw,  Mich.,  letting,  which  you  refer  to,  will  say  that 
the  substructure  and  superstructure  were  combined,  and  parties 
had  to  bid  on  the  entire  work.  At  the  first  letting  we  refused 
to  bid  upon  the  work,  but  did  bid  at  the  second  or  re-advertised 
letting." 

These  quotations  show  that  this  subject  is  being  considered  by 
others,  as  well  as  contractors,  and  if  the  present  common  practice  of 
making  blanket  contracts,  particularly  on  public  work,  which  the 
speaker  believes  to  be  radically  wrong  for  all  parties  concerned,  could 
be  reformed  by  those  in  charge  of  the  letting  of  contract  work,  the 
speaker  feels  that  it  would  be  a  benefit,  not  only  to  all  contractors, 
but  to  the  public. 

T.  ChaiiKlet  Hation,  M.  Am.  Soc.  C.  E. — The  speaker  looks  upon  Mr.  Battoo. 
this  question  from  the  standpoint  of  the  municipality,  or  his  client, 
and  the  result  of  his  experience  has  clearly  indicated  that  work  can 
be  done  much  better  and  more  cheaply  by  letting  it  out  under  separate 
contracts,  each  representing  the  different  branches  of  the  trade, 
than  under  one  general  contract.  It  is  true  that  where  this 
method  is  followed,  one  contractor  is  constantly  interfering  with  the 
work  of  another,  and  this  interference  often  results  in  claims  for  extra 
time  or  remuneration,  but  the  speaker  has  never  experienced  any 
trouble  in  settling  such  disputes  with  satisfaction  to  the  several  parties 
interested,  and  without  any  extra  cost  to  his  clients. 

In  the  construction  of  a  system  of  sewers  the  speaker  has  been  able 
to  save  from  5  to  10^  of  the  cost  of  a  general  contract  by  having  the 
municipality  furnish  the  several  materials,  such  as  bricks,  cement, 
pipe  and  castings,  letting  out  the  labor  only  to  a  contractor.  In  one 
of  the  cities  for  which  the  speaker  has  for  a  number  of  years  been 
engaged  as  engineer,  the  street  paving  has  of  late  years  been  per- 
formed by  letting  out  the  labor  to  a  general  contractor,  the  city  pur- 
chasing the  paving  metal  and  foundation  materials. 

In  th^  construction  of  water- works  and  electric-power  plants,  with 
which  the  speaker  has  been  connected  within  the  last  five  years,  the 
contracts  have  been  divided  up,  so  as  to  represent  the  several  branches 
of  the  trade,  with  the  result  of  better  and  cheaper  work;  and  it  seems 
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Mr.  HattoD.  reasonable  to  look  for  such  a  resnlt,  first,  as  to  cheapness,  in  that  the 
bidder  in  estimating  the  work,  certainly  adds  a  certain  percentage  of 
the  cost  of  his  material  as  a  legitimate  part  of  his  profits;  second,  as 
to  better  work,  in  that  the  engineer  deals  directly  with  the  manufac- 
turer, and  can  thus  control  the  class  of  material  far  better  than  if  he 
must  deal  through  a  contractor  who  looks  upon  the  question  only  from 
the  side  of  expense. 

It  may  be  said  that,  the  municipality  or  corporation  being  in  the 
market  but  seldom  for  materials  of  certain  classes,  the  manufacturer 
will  not  cut  his  prices  as  close  as  though  he  were  dealing  with  a  con- 
tractor who  is  his  constant  customer.  In  reply  to  this  it  might  be 
said  that  when  dealing  with  the  contractor  the  manufacturer  is  not 
always  sure  of  his  money;  whereas,  when  dealing  with  the  munici- 
pality or  corporation  his  money  is  assured  upon  completion  of  his 
contract,  and  thus  he  can  a£ford  to  sell  quite  as  cheaply;  and 
besides,  the  engineer,  if  he  understands  his  business,  should  be  quite 
familiar  with  the  prices  of  the  several  products  which  comprise  any 
engineering  work  which  he  is  caUed  upon  to  design,  and  can  thus 
protect  his  client. 

The  speaker  cannot  agree  with  Mr.  Gifford  regarding  the  con- 
tractor preferring  to  have  the  work  divided  into  different  contracts, 
as  it  has  been  his  experience  that  more  competition  in  bidding  has 
resulted  in  letting  the  work  out  as  one  general  contract,  as  the  con- 
tractor has  a  better  chance  of  making  up  his  loss  from  one  branch  of 
the  trade  by  his  gains  upon  another.  The  speaker  thinks  that  the 
best  scheme,  all  around,  if  the  engineer  can  have  the  confidence  of 
his  client  and  the  manufacturer  as  well,  is  to  go  into  the  open  market 
and  purchase  the  various  appliances  comprising  the  work.  He  can 
do  this,  particularly  in  the  electrical  field,  under  his  own  name,  and 
do  it  at  the  same  price  that  the  agent  or  middleman  gets,  and  thus 
save  his  client  the  commission.  This  has  been  done  by  the  speaker 
for  the  past  two  years  in  corporation  work  with  a  saving  of  from  3  to  8 
per  cent.  In  public  work,  however,  this  method  would  be  a  difficult 
one  to  follow,  as  it  at  once  arouses  the  suspicion  that  the  enginee^ 
is  getting  a  commission;  and  besides,  the  usual  laws  provide  that 
all  public  work  shall  be  advertised  and  let  to  the  lowest  responsible 
bidder.  It  is  true  that  dividing  up  the  work  into  separate  contracts 
adds  very  much  to  the  burden  of  the  engineer,  but  if  the  engineer  is 
not  desirous  of  assuming  this  extra  burden  he  should  not  undertake 
the  superintendency  of  such  work. 

Mr.  Darrach.  CHABiiES  G.  Dabrach,  M.  Am.  Soc.  C.  E. — The  speaker,  judging  by 
his  experience  of  35  years,  would  answer  this  question  in  the 
affirmative,  except  in  cases  where  the  engineer  or  architect  can  select 
an  expert  general  contractor.  The  work  certainly  can  be  constructed 
at  less  cost  if  the  various  items  are  separated,  and  the  work  of 
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generalization  devolves  upon  the  engineer  of  constmction.    Better  Mr.  Damch. 
work  can  also  be  obtained  under  such  circumstances. 

The  unfortunate  part  of  the  proposition  is  that  the  owneis,  and 
employers  of  th«  architect  and  engineer,  have  the  idea  that  that  work 
for  which  they  are  willing  to  pay  the  general  contractor  a  handsome 
remnneration  shonld  be  done  by  the  architect  and  engineer  for 
practically  nothing.  The  vexed  question  of  unbalanced  bids  would 
l>e  eliminated,  and  the  owner  would  be  positively  certain  that  he  got 
what  was  specified. 

The  present  pernicious  habit  of  architects  in  letting  the  work  for 
the  mechanical  installation  for  public  and  private  buildings  to  the 
general  contractor  (who  knows  as  much  of  the  subject  as  the  unborn 
babe,  and  is  about  as  responsible)  cannot  be  too  strongly  condemned. 
The  speaker  expresses  himself  with  some  degree  of  feeling  in  this 
matter,  as  a  piece  of  work  which  he  designed,  costing  more  than 
•8125  000,  was  given  to  the  tender  mercies  of  a  general  contractor,  and 
the  speaker's  supervision  of  the  work  withdrawn.  The  natural  result 
of  this  was  bad  work,  heart-burnings,  law  suits,  and  all  the  attendant 
evils. 

S.  Bent  BussEiiii,  M.  Am.  Soc.  C.  E.  —There  are  contracts  of  a  Mr.  Russell, 
certain  class,  with  which  engineers  have  to  do,  that  require  special 
treatment,  and  which  may  well  be  mentioned  in  discussing  this 
question,  although,  in  view  of  the  previous  discussions,  it  may  seem 
Almost  like  changing  the  subject.  The  speaker  refers  to  machinery 
contracts,  such  as  for  steam-engines,  for  boilers  and  furnaces,  for 
blowing  engines,  pumping  engines,  dynamos,  mechanical  filter  plants, 
floating  dredges  or  other  machinery.  In  such  contracts  it  is  fre- 
quently, if  not  usually,  the  case  that  the  contractor  is  the  manu- 
facturer of  a  certain  class  of  machines. 

For  example,  the  contractor  is  a  builder  of  pumping  engines. 
His  whole  attention  is  given  to  building  pumping  engines  which  will 
be  a  commercial  success.  In  such  a  case  there  should  be  no  middle 
men  between  the  builder  of  the  pumping  engine  and  the  owner  or 
user  of  the  machine.  The  builder  and  the  user  should  be  in  as  close 
connection  as  possible.  This  rule  should  be  observed,  not  only  for  the 
good  of  the  parties  to  the  contract,  but  also  for  the  good  of  the 
general  public,  in  the  long  run,  because  the  advancement  of  the  art 
of  building  pumping  engines  will  thus  be  favored. 

The  builder  of  the  pumping  engine  must  know  how  the  engine 
operates  in  service  in  order  that  he  may  see  best  where  improvements 
can  be  made. 

It  has  been  only  too  often  the  case  that  builders  of  machines 
could  not  get  accurate  information  as  to  the  actual  operation  of  their 
products.  If  the  user  of  the  machine  is  making  a  commercial  success 
with  it,  he  does  not  stop  to  make  efficiency  tests  or  scientific  obser- 
vations. 
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Mr.  Russell.  In  most  cases,  the  machine  builder  can  more  easily  obtain  knowl- 
edge from  the  machine  user  where  the  two  are  dealing  with  each 
other  directly  and  without  intermediaries. 

May  it  not  be  said  then:  First,  that,  where  the  work  is  to  be  done 
by  the  builder  of  a  special  class  of  machinery,  there  should  be  as  few 
middle  men  as  possible;  and,  secondly,  that  one  good  reason  for  this 
is  that  the  machine  builder  may  the  better  obtain  accurate  infor- 
mation as  to  the  success  of  his  work  in  all  its  details,  and  thus  the 
greatest  advancement  of  the  art  be  obtained. 

Mr.  Easby.  M.  Wabd  Easby,  M.  Am.  Soc.  C.  £. — There  seems  to  be  one  aspect 
of  this  matter  which  has  not  been  touched  on,  and  that  is,  the  view 
most  owners  take.  Prospective  owners  who  desire  their  work  executed 
by  contract  are  always  anxious  to  know  the  lump  sum  for  which  it 
can  surely  be  done,  and  this  the  general  contractor  guarantees,  after  a 
manner;  in  fact,  he  furnishes  a  definite  figure. 

Even  if  the  owners  feel  apprehensive  about  extras,  they  do  not 
seem  to  fear  them  as  much  as  an  estimate  made  from  scheduling  all 
the  bids  of  the  sub-contractors.  , 

The  fact  that  the  general  contractor  accepts  the  responsibility  of 
making  a  complete  structure  or  plant,  and  thus  relieves  the  owners  of 
expense  in  making  the  work  of  the  various  sub-contractors  come 
together,  is  what  makes  his  position  so  strong. 

An  instance  has  been  given  of  a  mechanical  plant,  of  some  1  200 
H.-F.,  in  which  the  engineer  had  no  extras,  although  he  let  out  all  the 
work  by  sub-contracts;  but  it  is  not  stated  that  it  is  even  the  general 
experience  of  this  engineer,  that,  under  such  circumstances,  no  extras 
occur;  and  it  may  be  said  that  few  are  so  far-seeing  or  perfect  that 
they  can  prepare  specifications  which  will  draw  the  lines  of  definition 
between  the  work  of  the  various  crafts  so  that  all  will  come  together 
as  a  harmonious  whole,  without  causing  some  differences,  and  conse- 
quent charges  for  extras.  It  may  also  be  said  that  few  general 
contractors  expect  to  handle  their  contracts  in  such  a  manner  that  the 
cost  to  them  will  be  no  more  than  the  sum  of  their  various  sub- 
contracts. 

It  may  be  that  the  engineer  will  feel  that  his  specifications  are  suffi- 
ciently clear  on  any  point  in  doubt,  and  he  may  take  refuge  behind 
some  blanket  clause  stating  that  he  is  to  be  sole  judge  in  cases  of 
doubt,  and  thus  compel  a  sub-contractor  either  to  show  open  fight  or 
do  the  work  for  the  sake  of  harmony ;  but,  frequently,  the  speaker  has 
known  a  general  contractor  to  pay  an  extra  to  a  sub-contractor, 
because  it  was  necessary  for  the  completion  of  the  general  contract 
that  some  unforeseen  work  should  be  done;  and,  in  such  a  case,  if 
there  were  no  general  contractor,  either  the  owners  would  pay  the 
extra  or  the  engineer  would  compel  some  unfortunate  sub-contractor 
to  do  the  work  or  have  an  open  rupture,  which  the  sub-contractor  could 
not  well  afford. 
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There  are  many  such  engineers  and  architects,  and  though,  by  their  Mr.  Easby. 
foresight  and  ability,  they  seem  to  save  the  owners  from  paying  for 
extras,  yet  they  soon  become  known  to  the  trades,  and  the  bids  of  the 
snb-contractors  are  correspondingly  high. 

Almost  every  general  contractor  is  his  own  sub-contractor  for  one 
craft,  as,  in  the  case  of  large  buildings,  he  is  a  carpenter  or  a  mason; 
or,  for  a  bridge,  the  general  contractor  will  be  a  company  which 
mannfactures  the  superstructure  only;  but,  would  anyone  expect  such 
a  general  contractor  to  make  no  allowance  for  the  contingencies  that 
will  arise,  due  to  the  various  sub-contractors  not  making  their  work 
come  together  so  that  there  will  be  no  hitch? 

It  is  a  fact  that,  to  make  everything  run  smoothly  on  a  large 
contract,  a  general  contractor  must  be  an  executive  of  the  highest 
order,  and  the  engineer  who  expects  to  let  aU  work  by  sub- contracts 
is  adding  to  his  purely  technical  duties  those  of  the  general  contractor; 
and,  as  the  general  contractor  inserts  in  his  estimate  items  for  the  cost 
of  his  management  and  contingencies  above  referred  to,  the  engineer 
should  also  be  allowed  to  insert  in  his  estimate,  or  schedule  of  sub- 
contracts, the  same  items.  He  should  also  be  allowed  extra  compen- 
sation, to  at  least  the  extent  of  a  portion,  if  not  all,  of  the  profit  the 
general  contractor  would  make. 

Owners  will  look  with  doubt  upon  such  items  as  charges  for  execu- 
tive management  and  contingencies,  and  for  the  latter  will  rather  think 
the  engineer  should  be  so  proficient  that  there  should  be  none;  yet,  in 
the  case  of  the  lump-sum  bid  of  a  general  contractor,  these  items 
form  a  part.  The  owners,  however,  do  not  see  the  estimate  in  detail, 
and,  not  seeing  such  items,  they  are  not  called  to  their  attention,  and 
so  they  accept  the  lump-sum  bid,  trusting  to  their  engineer  to  protect 
their  interests. 

In  lump-sum  bids  the  general  contractor,  under  the  stress  of  com- 
petition, strives  to  his  utmost  to  get  sub-contractors  to  shade  as  close 
as  possible  to  the  specifications,  both  in  quality  and  quantity,  and,  to 
quote  a  victim  of  this  system,  ^*  you  get  the  least,  the  worst  man  can 
do." 

The  system  of  letting  work  by  general  contract  is  founded  largely 
on  the  fact  that  the  designing  and  supervising  engineer  or  architect  is 
ignorant  of  how  to  execute  his  design;  and,  though  he  may  know  how 
it  shonld  be  executed,  he  has  little  or  no  knowledge  of  how  to  go  about 
it,  and  so  the  general  contractor,  who  most  frequently  does  not  know 
how  to  design,  but  has  plenty  of  assurance,  steps  in  and  relieves  the 
engineer  of  the  responsibility. 

Engineers,  in  letting  work  by  sub-contracts,  should  be  allowed  all 
the  items  of  expense  which  the  general  contractors  find  necessary.  In 
such  cases,  also,  the  owners  are  more  at  liberty  to  select  their  sub- 
contractors, and  need  not  take  the  lowest  one,  in  any  particular  class 
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Mr.  Easby.  of  work,  if  they  and  the  engineer  consider  it  to  be  unwise.  The 
control  of  the  work,  in  case  of  changes  (especially  where  less  is  to  be 
done  than  originally  contemplated),  is  more  to  the  Advantage  of  the 
owners  in  the  case  of  letting  by  sub- contracts. 

Work  let  by  sub-contracts  is  not  so  likely  to  be  done  for  less  than 
by  general  contract,  but  the  class  of  work  is  likely  to  be  infinitely 
superior,  and  it  is  along  this  line  that  it  seems  best  to  urge  the  adop- 
tion of  the  system,  which  should  have  the  support  of  all  engineers. 

Mr.  Wonh-  GhabiiES  Wobthinoton,  M.  Am.  Soc.  C.  E. — The  speaker  has  never 
^^^°'  been  able  to  see  jast  why  contracts  for  construction,  made  up  of  dif- 
ferent and  distinct  classes  of  work,  should  be  let  as  a  whole,  instead 
of  being  divided  up  into  logical  subdivisions  and  let  as  a  number  of 
separate  contracts,  excepting  that  it  lightens  the  work  of  the  engineer 
and  permits  him  to  shift  the  responsibility,  for  the  work  coming 
together  properly,  from  himself,  where  it  belongs,  to  the  contractor. 

There  are  a  great  many  small  contractors  who  are  expert  in  their 
own  line  of  work,  but  who  know  little  about  any  other,  whereas  there 
are  comparatively  few  who  are  experts  in  all  classes  of  work.  As  Mr. 
GKfford  has  said,  the  bridge  manufacturer  cannot  be  expected  to  know 
all  the  details  of  masonry  construction,  and  this  holds  equally  true  in 
many  other  cases.  Now,  if  the  contract  is  let  as  a  whole,  the  former 
class  is  practically  barred  out,  and  competition  is  lessened  to  this 
extent;  whereas,  if  bids  are  asked  on  the  work  properly  subdivided 
and  with  each  subdivision  clearly  defined,  a  maximum  of  competition 
will  be  assured,  for  each  bidder  will  be  thoroughly  familiar  with  the 
particular  work  on  which  he  is  asked  to  give  prices,  and  consequently 
will  quote  his  best  figure  with  a  minimum  percentage  added  as  a  fac- 
tor of  ignorance. 

The  engineer's  place  is  that  of  intermediary  between  the  pur- 
chaser and  various  contractors,  and  his  duty  to  the  former  requires  him 
to  see  that  the  most  experienced  workmen  are  employed  on  the  several 
classes  of  construction,  and  that  the  total  cost  be  kept  at  a  minimum. 
The  purchaser  genejaUy  knows  little  about  the  cost  and  less  about  the 
work  itself.  For  the  best  results,  the  engineer  should  be  thoroughly 
familiar  with  both,  and  the  contractors  should  be  experts  in  their  sev- 
eral branches.  The  engineer's  plans  and  specifications  should  show 
clearly  and  completely  every  feature  of  construction,  so  that  the 
several  contractors  may  know  exactly  what  they  are  bidding  on,  and 
so  that  possibilities  of  misunderstandings  after  contracts  have  been 
let  be  reduced  to  a  minimum.  Frequently,  the  engineer  is  allowed  so 
little  time  in  which  to  make  his  plans  that  this  is  not  possible,  in  which 
case,  of  course,  he  must  use  his  best  judgment  to  make  final  results 
come  out  satisfactorily;  and,  under  these  conditions,  the  speaker  advo- 
cates letting  contracts  on  the  basis  of  unit  prices  for  the  various  classes 
of  work  covered  by  the  contract. 
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Horace  Akdrews,  M.  Am.  Soc.  C.  E. — Although  the  discussion  thus  Mr.  Andrews, 
far  appears  to  be  all  in  favor  of  the  subdivision  of  contracts,  there  are 
reasons  that  may  be  urged  in  support  of  the  opposite  course. 

The  dependence  between  the  different  branches  must  often  make 
it  more  desirable  for  one  person  to  have  the  whole  work  under  his 
control,  even  if  some  of  its  subdivisions  are  outside  of  his  specialty 
and  must  be  sublet  to  those  better  qualified  for  their  execution. 

This  month,  a  large  contract  was  let  in  Troy,  N.  Y.,  where  the 
work  was  subdivided  by  the  engineer  into  two  contracts.  The  bidders 
who  were  the  lowest  for  the  work  as  a  whole  made  the  stipulation  that 
they  should  have  both  branches  of  the  work  or  none.  They  thought 
the  relationship  of  the  separate  parts  of  the  work  was  so  close  that  the 
main  contract  could  not  be  handled  profitably  or  satisfactorily  with- 
out control  of  the  other.  Nevertheless,  the  work  has  been  let  under 
two  contracts,  other  persons  being  willing  to  assume  the  greater  risks. 

Although  it  may  often  be  to  an  employer's  pecuniary  interest  to 
subdivide  a  contract  into  parts,  each  of  which  can  be  handled  by  a 
contractor  specially  qualified  and  properly  equipped  for  its  perform- 
ance, still  the  subdivision  of  the  work  entails  so  great  a  possibility  of 
conflict  between  the  various  contractors,  so  many  opportunities  arise 
for  claims  and  concessions  on  account  of  remissness  of  some  of  the 
contractors,  that  it  may  be  to  the  real  interest  of  the  employer  to  have 
dealings  with  one  responsible  contractor  for  the  whole  work,  even  at  a 
slight  pecuniary  loss. 

Lawmakers  are  disposed  to  ignore  a  contractor's  technical  qualifi- 
cations, provided  he  is  pecuniarily  responsible,  regarding  it  to  be  the 
duty  of  the  engineer  to  enforce  all  requirements  of  the  specifications, 
until  the  financial  ruin  of  an  incompetent  contractor  throws  the  com- 
pletion of  the  work  upon  his  unfortunate  bondsmen.  In  such  an 
event  there  is  often  less  chance  of  loss  to  the  employer  from  an  attempt 
to  compel  responsible  bondsmen  of  one  general  contractor  to  complete 
the  work  than  from  combating  claims  of  numerous  contractors  execut- 
ing separate  branches  of  the  work.  Such  contractors,  on  a  subdivided 
piece  of  work,  could  reasonably  claim  to  be  damaged  by  delays  occa- 
sioned by  the  suspension  of  work  upon  the  execution  of  which  the 
completion  of  their  own  depended. 

Considerations  of  this  nature  may  have  influenced  the  framers  of 
the  law  to  which  Mr.  Gifford  refers,  whereby  the  Superintendent  of 
Public  Works  of  the  State  of  New  York  is  prevented  from  subdividing 
certain  State  contracts. 
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Subject  fob  Discussion. 

**  Is  it  possible  and  desirable  to  keep  accounts  of  cost  of  work  in  such 
a  manner  as  to  ascertain  unit  costs  on  each  class  of  work?" 


By  Messrs.  S.  Whuocby,  Ghakles  S.  CHUBCHiiiL,  T.  ChaijKley  Hatton, 
Oberlin  Smith,  CHABiiSs  Wobthinqton,  Fosteb  CboweiiL 

and  Chables  G.  Dabbach. 


Mr.Whinery.  S.  Whineby,  M.  Am.  Soc.  0.  E.  (by  letter). — Two  questions  are 
embraced  in  this  topic:  The  first  relates  to  the  possibility  and  the 
second  to  the  desirability  of  account-keeping  intended  to  disclose  the 
unit  cost  of  work. 

The  first  of  these  questions  has  been  practically  answered  by 
actual  experience.  £zcept  possibly  in  some  cases  where  abnormal 
conditions  prevail,  it  is  entirely  possible  to  keep  accounts  which  will 
show  correctlv  the  unit  cost  of  anv  work,  whether  that  work  be  in 
the  nature  of  surveys  or  other  preparatory  operations,  or  of  the  con- 
struction of  engineering  structures,  or  of  manufacturing.  Such 
accounts  are  now,  not  only  common,  but  almost  universal,  in  all  well 
managed  enterprises. 

•  The  discussion  of  this  sublect,  for  which  no  formal  paper  was  presented,  is  printed 
in  Proceedings  in  order  tliat  the  views  expressed  may  bn  oroui^t  octf ore  all  members 
.  of  the  Society  for  further  discussion.  (See  Rules  for  Publication,  ProceedingBy  voL 
xrr,  p.  71. ' 

Communications  on  this  subject  received  prior  to  September  96th,  IWtt,  will  be  pub- 
lished subsequently. 
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They  differ  in  scope,  detail  and  accuracy,  it  is  true,  but  the  cases  Mr.  Whinery. 
are  very  few  where  something  of  this  kind  is  not  attempted  and 
carried  out  with  more  or  less  success,  among  modern  enterprising 
business  men. 

Like  all  other  forms  of  accounting,  the  value  of  the  result/s  attained 
will  depend  upon  the  adequateness  of  the  general  plan  and  details  of 
the  scheme  of  accounts  adopted,  the  fidelity  and  accuracy  with  which 
the  original  records  are  made,  and  the  ability  and  skill  with  which 
these  records  are  compiled  and  deductions  made  therefrom. 

Each  of  these  three  subdiyisions  of  the  work  is  of  equal  importance, 
and  if  either  is  defective,  or  neglected,  the  results  attained  will  be 
unsatisfactory  or  entirely  worthless.  To  devise  a  scheme  for  a  cost- 
keeping  account,  with  all  its  necessary  details,  and  to  prepare  full 
instructions  for  its  operation,  is  by  no  means  a  simple  thing,  requiring 
as  it  does  a  very  intimate  knowledge  of  the  method  of  conducting  the 
particular  kind  of  work  on  hand.  The  difficulty  increases  with  the 
complexity  of  the  work  and  the  number  of  unit  cost  items  it  is  con- 
sidered necessary  to  ascertam.  It  is  only  after  one  has  had  an 
extensive  experience  on  similar  work  that  one  can  frame  a  scheme 
that  will  be  workable  and  efficient.  It  must  be  simple  and  easily 
understood;  otherwise  the  employees  who  must  be  depended  upon  to 
make  the  original  records  will  get  them  hopelessly  confused;  or  a 
dispropoitionate  amount  of  time  and  labor  will  be  consumed  in 
making  them.  It  must  be  explicit  in  its  details  and  instructions,  for 
the  same  reason,  and  it  should  be  so  comprehensive  as  to  disclose 
where  every  item  of  money  or  labor  has  been  expended.  But  how- 
ever perfect  a  cost-keeping  scheme  may  be  devised,  it  will  prove 
worse  than  useless  if  not  intelligently  and  implicitly  adhered  to  by 
those  whose  duty  it  is  to  make  the  original  entries  or  records.  Every 
cent  expended  upon  the  work,  whether  in  the  form  of  cash  or  labor, 
must  be  accounted  for  and  charged  to  its  appropriate  item.  This 
sounds  simple  enough,  but  only  those  who  have  had  exasperating 
experience  with  the  stupid  or  negligent  employee  can  appreciate  how 
difficult  it  is  to  have  these  original  records  properly  made.  Assuming 
a  good  system  of  accounts  and  accurate  original  records,  their  value 
will  depend  upon  the  care  and  fidelity  with  which  the  original  infor- 
mation is  compiled  and  made  available  for  use.  In  the  press  of  other 
office  duties  this  part  of  the  work  is  often  neglected  or  postponed 
until  such  a  mass  of  it  accumulates  that  it  is  then  abandoned,  or  it 
gets  into  such  a  state  of  confusion  that  it  is  difficult  or  impossible  to 
disentangle  and  tabulate  it,  and  it  is  then  thrown  aside  as  worthless, 
with  the  statement  that  the  problem  of  determining  unit  cost  is 
hopeless. 

It  may  be  confidently  asserted  that,  with  the  same  amount  of  care 
and  accounting  skill  necessary  and  usual  in  a  first-class  mercantile 
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Mr.  Whinery.  establishmeBt,  it  is  possible  to  determine  with  accuracy  the  unit  cost 
of  any  engineering  work. 

A  knowledge  of  the  nnit  cost  of  work  is  of  value  in  many  ways,  and 
accounts  which  enable  us  to  ascertain  it  are  therefore  desirable.  To 
the  engineer  engaged  in  designing  modem  work  the  important  prob- 
lem is  how  to  accomplish  the  object  sought  with  the  least  expenditure 
of  money.  Other  things  being  equal,  that  particular  detail  will  be 
used  which  is  the  cheapest.  In  order  to  determine  which  is  the 
cheaper  of  two  details  the  unit  cost  of  each  must  be  known.  The 
engineer,  therefore,  finds  it  important  to  accumulate  the  largest  pos- 
sible fund  of  cost  prices.  To  the  contractor  or  the  manufacturer  the 
question  of  desirability  is  synonymous  with  the  question  "  will  it  pay," 
and  among  the  more  enterprising  and  intelligent  there  can  be  but  one 
answer.  The  question  of  success  or  failure  in  these  times  of  sharp 
competition  and  low  prices  may  depend  upon  the  accuracy  with  which 
cost  has  been  estimated,  and  this  again  will  depend  upon  the  knowl- 
edge of  unit  cost  under  the  conditions  that  are  to  be  met.  These  con- 
ditions yary  greatly  upon  different  pieces  of  work,  and  in  different 
localities,  and  the  estimator  needs  the  accumulated  knowledge  that 
comes  from  habitual  cost-keeping.  It  is  important,  therefore,  that 
this  branch  of  accounting  should  never  be  neglected  on  engineer- 
ing work.  Furthermore,  it  is  important  during  the  progress  of  any 
extensive  work.  The  contractor  or  the  manufacturer  who  has  before 
him  at  the  end  of  each  week  the  unit  cost  of  his  work  during  that 
week,  can  know  whether  it  is  being  done  with  proper  economy, 
and,  if  it  is  not,  he  can  ascertain  the  cause  and  apply  the  remedy  at 
once,  and  thus  prevent  accumulated  losses.  Accurate  accounts  will 
oft«n  disclose  defective  management  which  may  not  be  detected  by 
personal  observation,  during  the  progress  of  work. 

A  careful  study  and  analysis  of  unit  cost  will  enable  those  inter- 
ested  to  devise  improvements  and  apply  economies  that  would  other- 
wise not  be  thought  of. 

There  can  be  but  little  doubt  that  the  notable  success  of  American 
manufacturers  in  competing  with  those  of  foreign  countries  is  the 
result  of  careful  attention  to  the  unit  cost  of  details,  and  has  been 
made  possible  by  the  careful  and  accurate  cost-keeping  accounts  now 
found  in  every  enterprising  shop. 

Both  questions  embraced  in  the  topic,  therefore,  may  be  answered 
in  the  affirmative. 

Mr.  Churchill.  Charles  S.  CHURCHiiiL,  M.  Am.  Soc.  C.  E. — Inasmuch  as  Engineer- 
ing is  the  power  of  producing  the  greatest  and  most  permanent  results 
for  the  least  ultimate  cost,  even  the  intimation  that  actual  and  detailed 
costs  cannot  be  determined  and  kept  is  a  stroke  against  the  foundation 
of  the  profession. 

The  keeping  of  and  knowledge  of  these  detailed  costs  and  ultimate 
values  really  constitute  the  greatest  care  of  the  successful  engineer. 
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and  the  proper  use  of  this  information  is  of  almost  eqnal  importance.  Mr.  Churchill. 

To  be  told  that  a  certain  piece  of  first-class  ashlar  masonry  cost 
^6.50  per  cubic  yard  may  attract  attention;  but  this  fact  is  not  of  much 
value  unless  we  know,  further,  how  this  cost  is  made  up,  as  it  consists 
of  the  price  of  the  stone  delivered  at  $2.35,  and  labor  on  the  same,  with 
other  materials,  aggregating  $4. 15. 

But  we  are  still  not  at  the  bottom,  because  the  cost  of  cutting  dif- 
ferent stones  varies,  and  the  other  materials  also  vary  in  cost. 
Therefore  our  information  is  not  complete  until  we  know  that 
the  amount,  34.15,  is  made  up  of  cutting,  $1.14;  laying,  $2.26; 
cement,  20  cents;  sand,  7  cents;  handling,  16  cents;  and  setting  der- 
ricks, etc.,  32  cents;  and,  finally,  for  comparison,  it  is  necessary  to 
know  that  on  this  particular  work  which  has  been  cited  the  fore- 
man mason  received  30  cents,  the  regular  masons  25  cents,  and  the 
helpers  15  cents,  per  hour. 

Considerable  care  is  required  to  keep  and  compile  such  figures;  but 
they  are  of  the  utmost  importance.  For  example,  the  cost  of  cutting 
a  given  stone,  together  with  its  delivered  price,  determines  whether  or 
not  it  can  be  used  in  a  certain  work  as  against  stone  from  a  different 
localitv. 

Every  contracting  engineer  keeps  track  of  such  detailed  costs  in  his 
own  lines. 

The  great  increase  in  the  earning  power  of  railroad  properties 
in  this  country  is  the  subject  of  wide  comment.  On  any  given  rail- 
road this  increase  of  earning  power  began  with  the  carefully-planned 
improvements  in  grades,  alignment  and  strength  of  roadway,  prop- 
erly executed  by  the  engineer.  It  was  further  secured  by  having  the 
improvements  completed  at  the  lowest  ultimate  cost;  and,  finally, 
by  the  engineer  providing  many  facilities  for  keeping  down  all  items 
of  maintenance  cost. 

Referring  now  particularly  to  this  last  factor,  we  find  that  a  spirit 
of  rivalry  exists  in  every  good  workman,  and  this  may  be  brought  into 
practical  use,  even  if  the  employee  be  no  higher  than  a  track  laborer. 
It  is  useless  to  depend  wholly,  for  the  best  results,  on  driving  such 
laborers  and  their  foreman;  and  the  same  statement  applies  to  every 
man  worthy  of  employment  on  a  railroad. 

On  some  closely-operated  railroads  this  plan  is  followed  in  much 
detail  and  with  great  success.  For  example,  a  simple  statement  is 
issued  monthly  by  such  a  railroad,  showing  the  actual  cost  of  such 
hum-drum  work  as  the  putting  of  a  tie  in  track  on  each  roadmaster's 
division  of  the  road.  A  rivalry  is  at  once  induced  among  all  the  fore- 
men of  every  division  to  be  the  lowest.  A  similar  statement  giving  the 
cost  of  placing  lumber  in  bridges  per  thousand  feet,  B.  M. ,  in  making 
repairs,  brings  about  the  same  rivalry  among  carpenter  forces;  and  all 
this  produces  an  absolute  and  proper  reduction  in  cost  of  maintenance. 

The  grand  result  sought  is  secured  when  the  total  cost  of  handling 
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Mr.  Churchill,  freight  per  ton  per  mile  is  less  than  daring  the  corresponding  month 
of  a  previous  year. 

Comparative  monthly  statements,  in  much  detail,  showing  the  cost 
of  operation  in  the  dififerent  departments  of  such  a  railroad,  are 
responsible  for  many  of  the  large  savings  secured  by  the  encourage- 
ment of  the  spirit  of  rivalry  among  its  employees. 

It  is  the  engineer  on  a  successfully  operated  railroad  to-day,  in 
point  of  cost,  who  compiles  much  of  the  information  as  to  costs  neces- 
sary to  secure  this  grand  result  in  railroad  operation. 

Surely  the  engineer's  strength  and  usefulness  are  largely  in  ascer- 
taining and  keeping  unit  costs  on  each  class  of  work  with  which  he  i& 
connected,  or  for  which  he  is  responsible. 

Mr.  Hatton.  T.  OHAiiKiiEY  Hatton,  M.  Am.  8oc.  C.  E. — There  would  seem  to 
be  only  one  side  to  this  question:  How  can  any  engineer  give  his  client 
a  reliable  approximate  estimate  of  the  cost  of  a  proposed  piece  of 
work,  unless  he  has  first  taken  very  careful  estimates  of  the  cost  of 
preceding  and  similar  work?  Mr.  Churchill  mentions  the  result-s  of 
taking  careful  estimates  of  costs  in  relation  to  railroad  maintenance 
and  railroad  construction,  and  the  care  with  which  such  records  have 
been  made.  The  same  results  have  been  obtained  by  the  speaker  with 
relation  to  public  work. 

Some  twelve  or  thirteen  years  ago  he  designed  a  system  of  sewers 
to  cost  about  $1  750  000,  and  to  be  constructed  from  year  to  year  as 
the  funds  might  become  available.  When  the  work  began,  no  reliable 
approximate  costs  of  the  work  could  be  made,  as  it  was  to  be  done 
under  all  kinds  of  conditions;  but,  at  much  expense,  a  systematic 
record  was  kept  of  the  actual  cost  of  excavating  each  linear  foot  of 
trench  under  each  condition,  whether  in  rock  or  wet  ground,  and 
whether  in  paved  and  unpaved  streets ;  the  actual  cost  of  brickwork 
per  linear  foot,  for  each  size  of  sewer  and  each  foot  of  pipe;  and  the 
cost  of  each  manhole,  inlet  and  every  other  appurtenance,  until,  at  the 
end  of  three  years,  the  speaker  had  compiled  a  record  of  actual  costs 
which  enabled  him  to  determine,  within  1  or  2%,  the  probable  cost 
of  the  remainder  of  the  work.  These  records  were  compiled  in  such  a 
manner  as  to  enable  him  to  determine  how  many  bricks  could  and 
should  be  laid  by  a  bricklayer  under  the  several  conditions;  how  many 
feet  of  pipe  of  the  various  sizes  should  be  laid  per  day,  and  the 
quantity  of  cement  and  hemp  required  to  lay  it;  how  much  trench  one 
man  should  excavate  in  a  day,  and  how  much  per  cubic  yard  it  cost 
to  remove  rock. 

At  the  end  of  three  years  it  was  found  that  the  contractors  were 
making  too  much  profit,  and  the  speaker  recommended  that  the  minor 
portion  of  the  system  be  built  by  day's  labor,  and  that  the  larger 
work,  requiring  special  plant,  should  be  done  by  contract.  This 
work  proved  so  successful  that  it  was  determined  to  do  all  work  by 
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day's  labor,  with  the  result  that  the  contractor's  profit  was  saved  in  Mr.  HsUod. 
every  instance.     A  contract  would  be  let  out  to  build  in  one  street  a 
sewer  which  was  of  the  same  nature  as  was  being  built  upon  another 
street  by  day's  labor;  and  this  proved  the  case  clearly. 

The  keeping  of  these  accounts  has  had  the  foUowing  result:  Each 
foreman,  when  his  particular  work  is  finished,  knows  just  how  much 
it  has  cost,  and,  if  this  cost  exceeds  the  cost  of  similar  work  under 
another  foreman,  he  knows  at  once  that  he  is  not  up  to  the  standard, 
and  a  continuance  would  mean  the  loss  of  his  job;  but,  aside  from 
this  fear,  this  system  makes  each  foreman  an  enthusiastic  worker  for 
a  reputation,  and  results  in  a  financial  benefit  to  his  employer.  If 
the  cost  of  each  superintendent's  work  is  not  made  known  to  him, 
what  means  has  he  of  knowing  whether  his  work  is  or  is  not  success- 
ful? And  unless  the  engineer  keeps  a  careful  record  of  the  cost,  he 
cannot  give  the  foremen  such  information,  and  the  burden  finally 
falls  upon  him. 

OsBBiiiN  Smith,  M.  Am.  Soc.  C.  E. — ^It  may  be  of  interest  to  change  Mr.  Smith. 
the  point  of  view  to  indoor  work,  and  speak  of  manufacturing  cost  in 
factories;  the  speaker's  experience  having  been  more  particularly  in 
that  line.  There  is  a  very  common  belief  that  manufacturers  make 
enormous  profits;  that  people  who  run  machine-shops,  and  make  goods 
that  outdoor  people  have  to  handle  afterward,  are  getting  fortunes — 
not  small  fortunes,  but  big  ones.  It  is  a  common  idea,  when  people 
send  to  a  machine-shop  to  have  repairs  done  or  machinery  built,  that 
if  the  charge  is  made  by  the  hour,  at  say  50  cents  or  more,  there  is  a 
profit  of  about  100  per  cent.  The  ordinary  public,  and  perhaps  even 
some  engineers  who  do  not  have  to  do  the  work,  are  apt  to  say: 
*'  Behold!  Their  men  are  paid  25  cents  an  hour  and  they  charge  you 
50  cents,  a  very  nice  thing  in  profits."  But  they  ignore  the  little 
items  of  fixed  charges,  about  which  much  is  not  generally  known  by 
outsiders.  These,  however,  as  a  miatter  of  fact,  sum  up  to  a  very 
large  amount.  If  we  consider  a  medium-sized  machine-shop,  employ, 
ing  say  one  hundred  or  two  hundred  men,  where  (there  being  a  good 
many  boys)  the  wages  average,  perhaps,  only  20  cents  an  hour,  the 
expense-rate,  or  hour's  burden,  that  has  to  be  put  on  each  and  every 
hour  worked  by  producers,  is  usually  about  the  same  amount.  That 
is  to  say,  the  sum  paid  for  wages  upon  a  job  must  have  about  100^ 
added,  to  cover  ordinary  running  costs.  One  modern  way,  therefore, 
of  finding  costs  in  such  establishments  is  to  take  the  material  for  any 
given  job,  at  its  actual  cost,  delivered  at  the  factory,  including 
freight,  waste,  etc.,  plus  the  wages  actually  paid,  plus  the  ** burden" 
on  each  hour  worked  by  those  men  in  the  factory  who  really  produce 
something.  There  are,  of  course,  a  good  many  non-producers  whose 
wages  go  to  expense  account.  This  burden  is  very  often  put  at  20  cents 
an  hour.     It  may  run  as  low  as  15  and  as  high  as  25,  but  20  seems  to  be 
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Mr.  Smith,  a  somewhat  safe  average  for  the  ordinary  medium-sized  machine-shop 
in  the  United  States.  A  burden  rate  is  ascertained  by  taking  the  total 
expense  of  running  the  business,  outside  of  material  bought  and  wages 
paid.  This  usually  consists  of:  interest  on  capital,  or,  perhaps,  rent; 
insurance;  taxes;  commercial  expenses  of  selling  (the  most  variable 
item  in  the  whole  account),  including  advertising,  traveling,  bad 
debts,  part  of  office  expenses  and  salaries  of  officers  and  clerks,  to- 
gether with  many  sundries;  repairs  to  machinery  and  buildings  (a  very 
large  item);  fuel,  oil,  light  and  other  consumables;  wages  of  non- pro- 
ducers about  a  factory,  as  engine-men,  janitors,  etc.,  etc. 

These  items,  added  up  at  the  end  of  the  year,  divided  by  the  total 
number  of  hours'  work  made  by  the  producing  class,  will  g^ve  the  hourly 
burden.  Of  course,  it  usually  comes  out  in  fractional  figures,  but  an 
approximate  rate,  in  round  numbers,  is  good  enough— if  set  high 
enough.  The  burden  for  each  year  is  based  upon  the  previous  one, 
and  hence  cannot  be  really  accurate.  It  will  be  seen,  therefore,  that 
a  machine-shop  man  who  uses  medium-sized  tools,  may  very  likely 
find  his  work  costing  him  40  cents  an  hour,  20  cents  for  wages  and  20 
cents  for  expense.  In  some  shops,  however,  the  wages  will  average 
25  or  30  cents,  and  so  the  cost  may  be  45  or  50  cents.  Hence,  with  a 
not  unusual  charge  of  50  cents  an  hour,  there  is  a  question  whether 
there  is  a  total  net  profit  of  as  much  as  10  per  cent. 

In  using  very  large  machine-tools  the  average  price  per  hour  is  put 
higher  because  of  the  greater  amount  of  room  these  machines  take  up, 
and  their  greater  interest  and  repair  account,  to  say  nothing  of  their 
likelihood  of  standing  idle  more  of  their  time.  The  machine-shop 
man,  therefore,  sometimes  perpetrates  a  charge  of  $1.00  an  hour,  or 
more. 

Hence  the  outside  public  who  use  machines  should  understand 
that  the  profits  on  making  them  are  not  abnormal.  They  are  moderate, 
and  it  takes  a  good  deal  of  time  and  care  to  find  out  what  they  are,  and 
much  good  management  to  keep  things  going  so  that  the  profit  comes 
out  on  the  right  side  and  does  not  prove  to  be  a  minus  quantity. 

Mr.  Worth-       Chakles  WoBTHiNOTON,  M.  Am.  Soc.  C.  E. — One  of  the  most  im- 
ington.  ' 

portant  acts  an  engineer  has  to  perform  is  the  preparation  of  accurate 
estimates  of  preliminary  cost,  in  connection  with  any  work  he  may  be 
called  upon  to  design.  His  clients,  of  course,  want  to  know  at  the 
outset  what  the  work  is  going  to  cost,  and,  possibly,  how  certain 
variations  in  design  will  affect  the  total  cost.  The  engineer,  there- 
fore, should  be  prepared  to  make  these  estimates  on  short  notice.  To 
determine  the  cost  it  is  necessary  to  have,  first,  an  accurate  estimate  of 
the  quantities  of  materials  required  in  the  work,  which  is  a  matter  of 
calculation;  and  then  accurate  unit  cost^  which  will  apply  to  the 
items  making  up  that  estimate.  To  determine  these  unit  costs  it  is 
necessary  to  look  to  the  past  experience,  either  of  the  engineer  himself 
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or  of  others.  In  some  lines  of  work,  as  in  bridge  mannfacturing,  the  Mr.  Worth- 
unit  costs  have  become  quite  generally  known,  but  in  many  other  lines  ^^  ^°' 
they  have  not;  and  engineers  who  publish  the  unit  costs  of  work  actu- 
ally constructed,  with  specific  descriptions  of  the  local  conditions 
affecting  the  same,  do  a  great  service  to  the  profession  at  large. 
Many  of  the  statements  of  cost  which  appear  in  the  engineering  peri- 
odicals from  time  to  time  have  little  value,  for  the  reason  that  the  unit 
costs  are  not  given,  and  local  conditions  are  not  clearly  specified. 

FosTEB  CboweiiL,  M.  Am.  Soc.  C.  E. — There  is  one  consideration  Mr.  Croweii. 
of  this  subject  which  is  important:  A  great  many  engineers  are  de- 
terred from  an  attempt  to  ascertain  the  unit  prices  of  the  work  in  their 
charge,  because  they  think  it  is  a  very  difficult  operation  to  collect  and 
arrange  the  data.  That  is  true  if  the  desire  is  to  have  an  absolutely 
accurate  account  which  will  balance,  but,  for  the  purpose  in  view,  it 
is  not  necessary  that  that  degree  of  accuracy  should  be  attained.  If 
such  accuracy  were  to  be  attempted  it  would  necessitate  a  duplicate 
set  of  accounts,  adding  much  to  the  cost,  and  occasioning  very  great 
difficulty  in  getting  the  accurate  data;  but  it  is  quite  possible  to  reach 
a  sufficiently  close  approximation  to  the  cost,  and  to  the  average  price. 

Mr.  Oberlin  Smith  has  spoken  of  the  figures  of  cost  which  he  had 
obtained  in  a  given  case  and  was  quite  content  to  express  it  in  terms 
of  an  easy  average.  He  did  not  think  it  necessary  to  go  down  to  a 
decimal  of  a  cent  or  even  to  a  cent.  Now,  if  engineers  in  charge  of 
work  educate  and  instruct  their  staff  to  collect  certain  items  of  infor- 
mation as  the  work  proceeds,  it  will  be  found  quite  easy  at  the  end  of 
the  work  to  approximate  the  cost  of  any  one  of  the  items,  or  all  the 
items,  with  sufficient  closeness  for  comparison  and  for  reference  in 
undertaking  other  work  of  the  same  kind. 

Chari<es  G.  Dabbach,  M.  Am.   Soc.   C.   E. — The  speaker  would  Mr.  Darrach. 
answer  this  question  in  the  affirmative;  and,  if  the  affirmative  answer 
to  Topic  No.  1  is  accepted,  there  is  no  difficulty  whatever  in  keeping 
the  accounts. 

In  further  commenting  upon  these  two  subjects,  it  may  be  said 
that  the  more  experience  one  has  in  carrying  on  work,  as  suggested, 
the  more  will  it  inure  to  the  benefit  of  the  owners  and  to  the  knowledge 
of  the  engineer. 
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Mr  Darrach  ChablesG.  Dabbach,  M.  Am.  Soc.  0.  E. — The  speaker  approaches 
this  subject  with  some  trepidation,  as  it  is  worthy  of  higher  talent 
than  he  possesses. 

To  deal  with  the  subject  properly,  there  should  be  not  only  dis- 
cussion, but  contention  and  consultation,  so  that  it  may  not  be 
recorded  among  the  dead  by  the  epitaph  which  heads  our  publica- 
tions: **  This  Society  is  not  responsible,  as  a  body,  for  the  facts  and 
opinions  advanced  in  any  of  its  publications. " 

The  speaker  would  suggest  that  the  subject  be  amended  so  as  to 
read,  '*Is  Metallic  Construction,  or  the  Combination  of  Metal  and 

*The  discussion  of  this  subject,  for  which  no  formal  paper  was  presented,  is  printed 
in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all  members 
of  th?  Society  for  further  discussion.  (See  Rules  for  Publication,  Pir>ceeding»^  Vol, 
XXV jp.  71.) 

Communications  on  this  subject  received  prior  to  September  d6th,  190S,  will  be  pub- 
lished subsequently. 
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Cement  GoDcrete,  Susceptible  of  Being  Made  as  Permanent  a  Building  Mr.  Darmch. 
Material  as  Masonry?" 

Many  years  ago,  the  late  Julius  W.  Adams,  then  President  of  the 
Society,  suggested  to  the  speaker  that  it  was  pre-eminently  the  busi- 
ness of  the  engineer  to  adapt  the  motif  oi  his  construction  to  the  genius 
of  the  locality  in  which  his  field  of  operations  lay.  This  is,  in  fact, 
the  chief  business  of  the  engineer,  and  is  using  the  best  and  cheapest 
means  for  the  end  to  be  attained. 

It  must  not  be  forgotten,  however,  in  making  comparisons,  that  the 
best  materials  may  be  manipulated  so  as  to  produce  inferior  results, 
and  the  proper  use  of  materials  in  composite  engineering  construction 
is  as  absolutely  necessary  as  in  the  domestic  arts,  which  please  our 
palates,  for  it  is  well  known  that  the  cook  can  either  spoil  the  pie  or 
make  the  pudding. 

Before  determining  upon  a  method  of  construction,  there  should 
be  considered,  not  only  the  first  cost,  but  also  the  expense  of  mainte- 
nance. The  ease  of  inspection  during  erection  should  also  be  con- 
sidered, as  well  as  the  adaptability  of  the  material  to  attain  the  most 
economical  results. 

A  knowledge  of  the  relative  strength  of  the  various  materials,  and 
also  of  the  causes  for  deterioration  and  decay  should  be  attained. 
With  this  knowledge  the  problems  will  reduce  themselves  to  some 
degree  of  simplicity.  This  knowledge  can  then  be  supplemented  by 
observation  and  experiment,  so  that  there  need  be  no  reason  to  fear 
results.     Knowing  the  disease,  the  remedy  therefor  can  be  obtained. 

The  idea  that  masonry  is  the  sine  qua  non  of  all  permanent  con- 
struction seems  to  the  speaker  to  be  without  foundation.  Perma- 
nence of  masonry  construction  depends,  not  only  upon  proper  design, 
but  also  upon  perfect  workmanship.  All  who  have  had  any  experi- 
ence in  construction  know  well  that  the  most  trying  and  difficult  task 
of  the  engineer  is  to  have  masonry  properly  erected.  In  masonry 
construction,  dependence  must  be  placed  upon  the  physical  value  of 
the  stone,  sand  and  cement.  The  stone,  being  a  natural  product,  may 
or  may  not  have  that  degree  of  permanence  expected  by  the  engineer, 
and,  to  meet  this  contingency,  a  large  factor  of  safety  is  generally 
introduced  in  the  calculations  for  masonry  construction.  Also,  in 
many  cases,  where  masonry  is  used,  it  is  impossible  to  design  the 
structure  so  that  the  economical  quantities  of  material  to  meet  neces- 
sary requirements  can  be  used. 

As  has  been  intimated,  masonry,  as  well  as  metallic  construction, 
may  be  subject  to  deterioration  and  decay. 

In  using  metallic  construction,  it  is  possible  to  calculate  the  stress 
upon  the  structure  with  a  far  greater  degree  of  accuracy  than 
can  be  applied  to  a  masonry  structure;  consequently,  the  factor 
of  ignorance  can  be  reduced  and  the  quantity  of  material  used  be 
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Mr  Darrach.  nearer  to  that  which  is  theoretically  required.  Inspection  dnring  con- 
struction and  erection,  and  after  completion ,  is  more  convenient,  and, 
knowing  the  causes  for  deterioration,  the  necessary  remedies  and  pro- 
tection may  be  readily  applied. 

The  use  of  concrete,  or  artificial  stone,  appeals  to  the  speaker  with 
much  force.  By  its  use  artificial  stone  of  equal  value  throughout  the 
entire  content  can  be  obtained,  and  that  value  can  be  determined  in 
direct  accordance  with  the  material  of  which  it  is  made;  so  that  the 
composition  of  the  artificial  stone  can  be  adapted  directly  to  the  use 
for  which  it  is  intended.  The  cost  of  construction  for  equal  values  in 
artificial  stone  is  generally  much  less  than  if  natural  stone  were 
used. 

Artificial  stone,  or  concrete,  forms  a  protection  against  the  usual 
deterioration  of  metallic  construction  by  atmospheric  influence. 

The  logical  conclusion  seems  to  be  that  the  best  method  of  construc- 
tion would  be  composite,  using  artificial  stone  and  metal.  Artificial 
stone,  or  concrete,  not  only  forms  a  protection  for  the  metal,  but  adds 
its  value  in  resisting  stress,  and,  except  in  subterranean  and  sub- 
aqueous structures  the  deterioration  of  metal  encased  in  cement 
concrete  of  proper  composition  may  be  disregarded. 

There  are  many  examples  of  structural  metallic  work  encased  in 
concrete  where  no  deterioration  is  shown,  even  from  ancient  times. 
The  modern  system  of  iron  construction  encased  in  concrete  or  brick 
masonry,  used  in  high  ofiice  buildings,  shows  that,  when  properly  con- 
structed, there  is  no  observable  deterioration  in  the  metallic  work. 
The  Drexel  Building,  Fifth  and  Chestnut  Streets,  Philadelphia,  was 
constructed  in  the  years  1886-87.  The  speaker  has  removed  portions 
of  the  ironwork  in  that  building,  and  could  see  no  deterioration 
whatever. 

In  the  year  1891,  the  speaker  made  a  cement  floor  and  walk  over  a 
pipe  tunnel,  the  upper  surface  of  which  was  exposed  to  all  atmos- 
pheric influences.  This  floor  was  of  cement  concrete,  about  4  ins.  in 
thickness,  and  had  a  span  of  about  5  ft.  It  was  reinforced  by  bands 
of  ordinary  chicken- wire  fencing,  16  ins.  in  width,  laid  across  the 
tunnel  and  spaced  16  ins.  apart.  A  bed  of  mortar,  composed  of 
cement  and  sand,  about  1  in.  thick,  was  laid  upon  a  horizontal  plank 
center,  and  brought  up  flush  with  the  top  of  the  side- walls  of  the  tun- 
nel. Over  this  mortar  the  chicken- wire  was  laid,  extending  over  the 
side-walls.  The  cement  concrete  floor,  3  ins.  in  depth,  was  laid  upon 
this  chicken-wire,  and  finished,  the  walk  being  about  7  ft.  wide. 
Although  this  walk  has  been  in  use  for  eleven  years,  no  deterioration 
is  apparent,  nor  has  there  ever  been  any  leakage,  even  during  the 
most  severe  storms. 

In  relation  to  this,  attention  is  called  to  what  the  speaker  con- 
siders faultv  construction.     The  concrete  floors  of  most  office  build- 
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ingB  are  of  cement,  ashes  or  cinders.     The  resultant  concrete  is  not  Mr.  Darrach. 
impervious.      The  large  quantity  of  water  used  in  construction  is 
retained  within  the  exterior  skins  of  these  floors  for  a  long  period, 
and,  no  doubt,  is  a  detriment  to  the  metallic  construction  of  the  floors. 

In  the  year  1884,  the  speaker  constructed  a  water- works  well  at 
Bed  bank,  N.  J.  This  well  was  some  15  ft.  in  interior  diameter,  and 
was  sunk  from  the  surface  of  the  ground  to  a  depth  of  about  60  ft. 
The  lower  half,  or  30  ft.,  was  below  the  ocean  level,  and  the  entire 
well,  to  within  5  ft.  of  the  surface  of  the  ground,  was  under  the 
ground-water  level.  The  water  arose  in  the  well  to  within  8  ft.  of  the 
surface  of  the  ground,  so  that  the  well  casing,  20  ins.  in  thickness, 
constructed  of  hard  brick  laid  in  Portland  cement  mortar,  was  con- 
tinually in  contact  with  water  on  both  sides,  and  at  times,  even  during 
construction,  was  under  a  pressure  from  the  outside  of  more  than 
40  ft. 

For  reinforcing  the  brick  shell  during  sinking,  g-in.  iron  rods  were 
extended  from  the  cutting  curb  upward  through  the  masonry;  and, 
at  int-ervals  of  about  6  ft.,  large  wrought-iron  washers  were  placed  over 
the  rods  and  extended  around  the  entire  circumference  of  the  well  cas- 
ing. This  construction  was  adopted  to  reinforce  the  green  masonry 
of  the  casing  during  the  operation  of  sinking.  It  would  be  interest- 
ing to  examine  this  ironwork  for  the  purposes  of  discussing  this 
subject. 

In  the  speaker's  opinion,  the  hue  and  cry  raised  in  relation  to  a 
properly  constructed  iron  skeleton,  in  modem  high  buildings,  is 
without  foundation. 

In  buildings  where  the  ironwork  is  concealed  within  fire-proofing 
or  concrete,  there  is  little  reason  to  suppose  that  any  deterioration 
takes  place,  and  the  speaker  will  venture  to  state  that,  if  the  tempera- 
ture and  the  humidity  of  the  atmosphere  immediately  adjacent  to  the 
metallic  structural  work  were  observed  and  recorded,  there  would  be 
found  but  little,  if  any,  difference  throughout  the  year. 

Greater  care,  and  concrete  richer  in  cement,  should  be  used  for  sub- 
terranean and  subaqueous  composite  construction,  and,  in  some  cases, 
it  would  be  advisable  to  use  an  asphaltic  concrete,  so  as  to  absolutely 
prevent  the  possibility  of  any  moisture  coming  in  contact  with  the 
metal. 

The  numerous  cases  of  electrolysis  in  subterranean  metallic  pipes 
suggest  a  criticism  which  has  not  as  yet  been  presented  to  the  speaker. 
Is  it  not  possible  that,  in  subterranean  and  subaqueous  work,  metal, 
even  when  constructed  in  cement  concrete,  may  be  subject  to  electro- 
lysis similar  to  that  experienced  in  metallic  water  and  gas  pipes?  The 
speaker  is  of  the  opinion  that  all  such  subaqueous  and  subterranean 
constructions  should  be  laid,  as  heretofore  indicated,  in  an  asphaltic 
concrete,  and  efforts  should  be  made  to  force  our  legislators  to  pass 
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Mr.  Darrach.  laws  preventing  the  use  of  the  ground  for  an  omnibus  commercial  elec- 
trical conductor. 

We  can  also  substitute  for  cast  and  wrought-iron  pipes  a  cheaper 
and  more  permanent  conduit,  constructed  under  the  composite  system. 
The  capacity  of  metallic  water  pipes  is  materially  diminished  by  the 
formation  of  nodules  on  their  interior  surfaces,  and,  with  some  waters, 
the  life  of  iron  pipes  is  merely  a  question  of  a  very  few  years. 

Composite  pipes,  constructed  of  concrete  reinforced  by  metal,  can 
be  constructed  so  as  to  have  the  necessary  strength  without  the  loss  of 
conductivity  due  to  the  metal  nodules,  and  it  is  not  necessary  that  the 
concrete  of  which  they  are  composed  should  be  of  such  richness  as  to 
absolutely  prevent  at  first  the  transmission  of  moisture,  except  when 
the  liquid  conducted  ^s  free  from  suspended  matter.  Conduits  carry- 
ing either  turbid  water  or  sewage  soon  fill  up  the  pores  in  the  concrete, 
and  make  it  impervious. 

In  1894,  the  speaker  constructed  a  septic  tank  for  the  Insane  Asy- 
lum at  Wemersville,  Pa.  The  diameter  of  the  tank  was  25  ft.,  and  the 
depth  of  water  was  14  ft.  The  well  was  constructed  of  hard  brick, 
laid  in  Portland  cement  mortar,  and  had  a  maximum  thickness  of  21 
ins.  There  was  an  inside  coating  of  plaster,  J  in.  thick,  made  of  equal 
parts  of  Portland  cement  and  sharp  sand.  Tests  were  made,  through 
a  period  of  ten  weeks,  at  the  end  of  which  time  the  masonry  was  prac- 
tically impervious. 

There  is  a  paucity  of  experimental  knowledge  as  to  the  strength  of 
composite  construction;  the  field  is  wide,  of  great  importance,  and 
deserves  the  attention  and  study  of  the  members  of  our  profession. 

Before  closing,  the  speaker  would  suggest  that  further  experiment 
be  instituted  as  to  the  possibility  of  making  a  metallic  weld,  to  avoid 
as  much  as  possible  the  use  of  bolts  and  rivets.  He  is  aware  that  the 
electric  weld  does  not  give  a  resultant  value  of  100%,  but  he  is  of  the 
opinion  that  the  Society  would  be  gratified  with  a  knowledge  of  the 
best  results  so  far  obtained. 

Mr.  Stern.  EuGBNB  W.  Stebn,  M.  Am.  Soc.  C.  E. — Discussing  this  question 
from  the  standpoint  of  the  protection  of  iron  and  steel  construction 
in  buildings,  the  experience  of  the  speaker  is  that  iron  does  rust  in 
buildings.  That  is,  it  rusts  unless  properly  protected.  Therefore,  it 
is  a  very  important  question  to  determine  what  kind  of  protection  it 
needs  to  prevent  this,  under  different  conditions  of  exposure. 

In  the  interior  of  buildings,  where  there  is  no  chance  of  moisture 
or  acids  attacking  the  iron,  and  where  it  is  usually  surrounded  by  fire- 
proofing  materials,  the  danger  from  rust  is  very  slight.  The  usual 
coat  of  paint  appears  to  give  all  the  protection  necessary. 

The  speaker  has  seen  ironwork  taken  from  the  interior  of  buildings, 
in  one  case  after  thirty  years,  in  which  the  shop  marks  of  white  paint 
and  the  brown  coat  of  red  oxide  paint  were  in  as  perfect  condition  as 
if  done  but  recently. 


Papers.]    DISCUSSION  ON  STEBL  AKD  HA80NRY  CONSTRUCTION.    559 

In  the  exterior  walls  of  a  building,  hoveYer,  and  in  the  roof  and  Mr  stern, 
cellar  construction,  it  is  an  entirely  different  matter.  A  driving  rain 
will  go  through  the  outer  coating  of  brickwork ;  roofs  will  somehow 
or  other  leak,  and  cellars  rarely  are  absolutely  dry.  The  speaker  has 
inyariably  seen  evidences  of  rust  on  the  ironwork  taken  from  the 
above-mentioned  positions  in  comparatively  recent  buildings.  The 
paint  seemed  to  have  disappeared  entirely  in  many  cases  where 
exterior  brickwork  was  laid  up  against  the  iron.  Where  the  mortar 
was  in  immediate  contact  with  the  iron,  there  was  no  rust;  where  the 
brick  was  directly  in  contact,  there  was  considerable  rust. 

In  a  building  in  New  York  City,  built  in  1869,  and  now  being 
taken  down,  cast-iron  girders  supporting  the  brick  arches  of  the  side- 
walk construction  were  rusted  about  i  in.  where  the  brick  was  imme- 
iliately  in  contact  with  the  iron,  but  where  the  mortar  was  directly  in 
contact  the  iron  was  perfectly  clean  and  black,  looking  as  if  taken 
from  the  sand  only  yesterday.  The  evidence  that  paint  protects  iron- 
work thus  exposed,  for  any  leogth  of  time,  is  not  forthcoming.  The 
paint  seems  to  disappear  entirely  in  a  few  years.  Nor,  in  the  speaker's 
opinion,  does  it  help  matters  to  prepare  the  surface  of  the  ironwork, 
prior  to  painting,  in  the  most  painstaking  and  thorough  manner,  even 
using  the  sand-blast  to  remove  the  mill  scale.  Some  of  the  paint  is 
rubbed  off  the  ironwork  during  erection,  notwithstanding  that  the 
very  greatest  care  is  used.  It  is  an  inseparable  condition,  from  the 
nature  of  the  work,  that  this  happens.  There  is  then  a  starting  point 
for  rust,  and  this  will  follow  more  quickly  on  a  sand-blasted  surface 
than  on  one  having  its  mill  scale. 

The  speaker  is  strongly  opposed  to  the  use  of  the  sand-blast  on 
ironwork  for  buildings.  It  does  not  help  to  protect  iron  permanently, 
and  the  expense,  therefore,  is  not  justified.  For  this  reason  the  fol- 
lowing method  of  protection  is  recommended:  All  the  columns  and 
girders  in  the  exterior  walls,  the  roof,  the  cellar,  and  wherever  exposed 
to  moisture  or  acids,  should  be  surrounded  with  Portland  cement 
mortar,  and  the  bore  of  the  columns  in  such  locations  should  also  be 
filled  solid  with  this  mortar. 

Broken  stone  in  the  mixture  is  not  recommended,  because  the  voids 
may  not  always  be  filled;  and  cinders  are  strongly  objected  to,  because 
there  is  good  evidence  to  show  their  very  harmful  effect. 

A  building  having  its  frame  thus  protected  should  remain  struc- 
turally sound,  judging  from  evidence,  for  many  years,  perhaps  longer 
than  one  made  entirely  of  masonry,  unless  of  the  best  quality. 

Gbobge  F.  Swain,  M.  Am.  Soc.  C.  E.— People  in  general  have  come  Mr.  Swain. 
to  consider  iron  or  steel  as  rather  perishable  materials  when  com- 
pared with  stone.     Many  persons  form  this  idea  by  considering  the 
old  stone  structures  of  the  Greeks  and  Bomans,  notwithstanding  the 
fact,  referred  to  by  one  speaker,  that  there  are  a  great  many  stone 
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Mr.  Swain,  structures  -which  have  proved  very  perishable.  Many  instances  can 
be  cited  of  bridge  abutments  built  of  sandstone  or  limestone  which 
haye  practically  gone  to  pieces  within  thirty  or  forty  years.  In  judg- 
ing of  the  ancient  stone  structures  of  Greece  or  Borne,  we  must  also 
remember  the  difference  in  climate  between  those  countries  and  North- 
ern New  England.  It  may  not  be  out  of  place  to  point  out  also  some 
differences  between  the  ways  in  which  steel  and  stone  structures  act. 
A  stone  structure  is  a  comparatively  simple  one;  it  acts  by  its  own 
weight;  it  acts  generally  in  simple  compression;  its  durability  is  a 
question  of  stability  rather  than  of  strength,  and  the  loads  may 
generally  be  increased  greatly  without  endangering  it. 

A  steel  structure  is  very  different.  It  is  a  complex  structure,  in- 
volving complicated  stresses  and  strains;  its  strength  is  a  controlling 
factor  in  its  durability,  and  any  increase  of  load  reduces  correspond- 
ingly its  margin  of  safety.  Engineers  who  have  had  much  to  do  with 
questions  of  renewing  bridges  will  agree  with  the  speaker  that  cases  in 
which  bridges  have  had  to  be  renewed  on  account  of  the  actual  wearing 
out  of  the  material  are  comparatively  rare.  Of  course,  there  are  cases 
where  corrosion  is  active,  especially  in  bridges  over  railroads,  but, 
leaving  out  such  cases,  the  greater  number  of  renewals  which  have 
taken  place  are  due  to  other  causes.  One  of  these  is  defective  design. 
Engineers  are  learning  more  and  more  every  day  in  regard  to  the 
details  of  steel  structures,  and  they  are  experimenting  and  studying  the 
various  connections  and  details.  The  result  is  that  we  find  that  struc- 
tures built  twenty  or  thirty  years  ago,  and  supposed  to  have  an  ample 
I  factor  of  safety,  really  had  a  much  smaller  factor.     Moreover,  as 

everyone  knows,  the  loads  to  which  steel  structures  are  exposed 
have  increased  enormously.  These  are  the  two  elements  which  have 
caused  the  principal  renewals  of  bridge  structures.  These  elements 
will  continue  to  be  present,  and,  as  long  as  they  are  present,  we  can- 
not hope  to  have  steel  structures  in  general  as  durable  as  the  best 
stone  structures  would  be.  In  the  case  of  a  steel-frame  building,  the 
loads,  presumably,  are  not  to  change  very  much,  and  with  good  design 
the  actual  durability  of  the  material  should  govern  the  life  of  the 
structure.  As  to  what  that  durability  will  be  seems  very  uncertain. 
All  the  engineer  can  do  is  to  take  every  precaution  he  can  to  insure 
the  permanency  of  his  steel.  The  speaker  agrees  with  Mr.  Stem  that 
the  steel  should  be  completely  enclosed  in  concrete,  but,  even  under 
these  conditions,  he  does  not  think  the  steel  will  last  as  long  as  the 
best  masonry. 

Mr.  Went-       Oharles  C.  Wbntwobth,  M.  Am.  Soc.  C.  E.  — The  answer  so  far 

worth.     giYQj^  to  this  question  is  that  steel,  when  embedded  in  concrete  to  a 

sufficient  depth,  is  permanent.     A  structure  in  which  the  steel  is  thus 

hidden  becomes  at  times  as  essentially  one  built  of  concrete  as  of 

steel,  and  may  be  even  more  so.     The  fact  that,  in  most  cases,  it  is 
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impracticable  to  adopt  a  composite  construction,  rather  than  one  all  Mr.  Went- 
steel  or  all  concrete,  renders  it  still  necessary  to  seek  a  more  complete 
answer  to  the  question;  especially  if  it  be  considered,  as  it  must  be, 
that  bridges  are  made  of  '*  bnilding  material'* 

The  answer  given,  for  instance,  is  inapplicable  to  the  East  Biver 
bridges,  built  or  building  in  New  York  City,  and  to  the  greater  part, 
by  weight,  of  ordinary  railway  bridges.  It  is  surely  inapplicable 
to  more  structural  steel  work,  by  weight,  than  it  is  applicable  to  all 
kinds. 

The  protection  afforded  by  concrete  is  afforded  by  paint,  but  in  a 
less  degree.  -  The  objection  to  paint  as  an  answer  to  the  question  lies 
in  the  fact  that  much  structural  work  is  inaccessible  after  erection, 
and  that,  in  all  likelihood,  paint  will  not  be  applied  properly  or 
with  sufficient  frequency  even  where  the  work  can  be  reached  by  the 
painter. 

A  more  complete  answer  to  the  question  appears  to  lie  in  the  electro- 
plating of  structural  steel  with  copper  or  aluminum.  This  has  already 
been  done,  to  a  small  extent;  but  the  subject  does  not  appear  to  have 
received  the  attention  it  deserves. 

The  speaker  sees  no  reason  why  such  plating  need  be  of  excessive 
cost.  Aluminum  is  an  exceedingly  abundant  element,  and  is  becoming 
cheaper;  copper  may  retain  its  value.  Metallic  aluminum  may  not  be 
needed  in  the  process,  but  such  aluminum  salt  as  will  serve  when  in 
solution  as  the  source  of  the  metallic  aluminum  finally  composing  the 
plating. 

Of  course  it  would  be  impracticable  to  plate  steel  as  it  comes  from 
the  rolls,  as  rivet  heads  and  sheared  edges  would  need  subsequent 
plating;  but  each  structural  piece,  ready  for  shipment  and  erection 
in  the  structure,  could  be  plated,  and  the  details  of  field  con- 
nections arranged  with  a  view  to  their  permanency  on  the  same 
lines. 

The  speaker  does  not  wish  to  appear  as  objecting  to  the  use  of 
concrete  structures  stiffened  by  steel,  with  the  incidental  protection 
afforded  to  the  steel  by  the  concrete.  Such  structures  are  entirely 
proper  and  appropriate  in  very  many  cases;  but,  in  conclusion, 
he  wishes  to  say  that  the  plating  of  structural  steel,  as  a  more 
general  answer  to  the  question,  is  well  worthy  of  the  attention  of  the 
members  of  this  Society. 

OsEKiiiN  Smith,  M.  Am.  Soc.  C.  E. — The  speaker  is  not  experienced  Mr.  Smith. 
in  putting  up  big  steel  buildings,  but  it  seems  to  him  that  a  certain  pre- 
cantion  should  be  taken,  which,  perhaps,  usually  is  not,  and  which 
will  be  mentioned  later.  Some  of  these  buildings  have  been  up  a 
good  many  years  and  seem  to  be  very  strong,  but  after  this  genera- 
tion is  gone — fifty  or  one  hundred  years  hence — if  there  is  no  way  to 
examine  all  that  hidden  metal  inside  the  masonry,  how  are  people 
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Mr.  Smith,  going  to  feel  abont  the  stability  of  such  buildings?  When  will  the 
time  arrive  for  them  to  come  down  of  themselves?  There  should  be, 
therefore,  some  systematic  method  of  examination. 

Of  course,  after  many  years,  the  owners  may  tear  out  some  of 
the  masonry  and  examine  the  steel,  but  it  would  be  a  small  matter 
now  to  provide  inspection  holes,  properly  covered,  and  to  differentiate 
and  classify  the  various  conditions  of  possible  deterioration  to  which 
the  metal  may  be  subjected. 

Certain  parts  of  the  building  which  are  most  likely  to  rust,  and 
where  such  rusting  is  most  likely  to  cause  accidents  and  damage, 
would  be  in  one  class,  while  other  parts  which  are  not  so  likely  to  be 
affected  would  be  in  another,  and  so  forth.  In  every  building,  in 
several  proper  locations,  let  there  be  certain  places  left  where  the 
metal  can  very  easily  be  exposed,  and  again  covered  up— of  course  in 
a  fire-proof  manner.  This  would  be  done  instead  of  merely  tearing 
away  a  building  at  random,  with  perhaps  considerable  damage  and 
with  consequent  expensive  repaii*s. 

To  find  out  how  the  steel  is  really  getting  along,  there  should 
be  certain  times  for  observation,  with  definite  intervals  between. 
These  intervals  might  be  five,  or  ten,  or  twenty-five,  years — 
as  experience  should  indicate.  The  most  risky  '*  classes'*  should 
be  examined  the  oftenest.  In  general,  there  should  be  certain 
definite  methods  of  inspection,  and  definite  places  for  inspection, 
and  definite  times  for  inspection  of  this  buried  and  perhaps 
much-suffering  metal,  not  only  that  such  may  be  done  with  leas 
damage  to  the  building,  but  that  it  may  be  done  thinkingly  and 
systematically— instead  of  waiting  for  some  Chicago  post  office  to 
become  obsolete  that  we  may  see  whether  it  continued  safe  until  the 
end.  If  not  done  in  such  a  manner  all  may  be  neglected,  and  inter- 
vals which  are  uncertain  may  become  of  infinite  length. 

Mr.  Webster.  WiLLiAM  R.  Webstbb,  M.  Am.  Soc.  C.  £. — The  examination  of 
many  old  bridges  and  other  structures  has  shown  that  the  white-lead 
marking  letters  of  the  mill  are  intact,  and  that  the  metal  is  better 
protected  at  these  places  than  at  others.  That  is,  the  plates  and 
shapes  are  generally  marked  while  hot,  and  before  the  material  has 
had  a  chance  to  rust;  but  the  full  importance  of  applying  the  pro- 
tective coating  while  the  metal  is  hot  has  not  been  appreciated. 

The  ordinary  oiling  at  the  mills  has  not  been  satisfactory,  as  the 
material  is  generally  made  sticky  and  difficult  to  handle  in  the  shops. 
In  relation  to  this,  attention  is  called  to  a  railroad  spike  dipped  in  oil, 
while  slightly  heated  (in  accordance  with  the  specifications  for  an 
export  order).  Under  this  treatment  the  oil  quickly  dried  and  formed 
a  good,  hard  protective  coating.  This  process  might  be  applied  to 
ordinary  structural  shapes  and  plates  with  great  advantage;  the  mate- 
rial being  cleaned  with  brushes  and  an  air  blast,  and  the  oil  applied 
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'while  the  material  is  still  hot,  the  coating  in  no  case  being  heavy  Mr.  Webster. 
enoagh  to  interfere  with  a  thorongh  inspection  for  surface  defects. 
The  shop  painting,  of  conrse,  shonld  be  applied  in  the  asnal  manner. 

£lectric  welds  have  been  referred  to  as  being  practicable  for  weld- 
ing beams  to  beams,  or  beams  to  columns,  in  buildings.  This  would 
be  a  step  in  the  wrong  direction,  as  reliable  welds  of  this  character 
cannot  be  made.  The  size  of  the  grain  is  raised  during  the  heating, 
and  there  is  no  chance  of  putting  the  required  work  on  it  to  break  up 
the  grain  and  produce  the  fine  silkj  structure.  That  is,  electric  welds 
would  be  fatal  to  anj  work  that  is  subject  to  shock. 

Jaices  Owen,  M.  Am.  Soc.  C.  E  — It  might  be  interesting  to  know  Mr.  owen. 
that,  in  endeavoring  to  find  some  records  of  the  strength  of  concrete 
beams,  the  speaker  found,  in  the  library  of  the  Society,  the  report  of 
some  experiments  made  by  Mr.  Kirkaldy  in  1854.  Mr.  Kirkaldy  at 
that  time  had  made  an  elaborate  investigation  of  the  strength  of  the 
admixture  of  concrete  with  iron  rods  and  iron  wire.  Results  showed 
at  that  time  that  the  strength  of  the  combination  of  the  two  materials, 
iron  and  concrete,  was  increased  bv  more  than  two  and  one-half  times 
that  of  the  simple  concrete  itself.  This  is  quite  in  accord  with  the 
present  experiments  in  that  line,  aod  it  is  interesting  to  note  that  while 
these  investigations  were  made  so  many  years  ago,  it  is  only  of  late  that 
the  profession  has  appreciated  their  importance. 

The  speaker  had  a  peculiar  experience  in  relation  to  the  strength 
of  an  ordinary  bridge  built  with  iron  beams  and  brick  arches  and 
covered  with  concrete.  The  span  was  15  ft.  The  bridge  had  been 
built  some  eight  or  ten  years  when  the  local  engineer  decided  to  change 
the  grade  of  the  street,  and  raised  it  about  6  ft.  This  alteration  im- 
posed on  the  bridge  itself  an  extra  load  of  900  lbs.  per  square  foot. 
That,  with  a  previous  allowance  of  200  lbs.,  made  a  total  of  I  100  lbs. 
The^ bridge  was  originally  designed  for  a  live  and  dead  load  of  300  lbs. 
and  a  factor  of  safety  of  four.  A  critical  examination  of  the  bridge, 
after  the  extra  load  had  been  on  about  six  months,  showed  no  rupture 
of  any  kind  and  no  apparent  deflection.     The  bridge  is  stiU  in  use. 

It  may  be  presumed,  therefore,  that  the  combined  use  of  steel  and 
concrete  is  susceptible  of  a  great  deal  of  further  development,  and  that 
its  ultimate  strength  is  apparently  unknown. 

E.  T.  D.  Myeks,  Jr.,  M.  Am.  Soc.  C.  E. — During  the  summer  of  Mr.  Myers. 
1901,  a  rifle  barrel  was  pumped  up  through  the  20-in.  pipe  connected 
with  the  centrifugal  pump  which  was  used  in  dredging  out  the  historic 
dock  immediately  in  front  of  Libby  Prison.  It  arrived  at  the  usual 
joint,  just  in  front  of  the  pump,  which  was  intended  to  stop  obstruc- 
tions too  large  to  pass  through  the  pump.  The  pump  was  stopped 
and  the  rifle  barrel  taken  out.  It  was  found  that  the  blue  enamel  on 
the  barrel  was  intact  on  at  least  90^o''  of  its  surface,  and  the  sight 
.  could  be  raised  and  lowered  without  the  slightest  difiiculty.    The  date 
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Mr.  Myers,  on  the  barrel  was  1856.  It  was  probably  thrown  in  the  water  in 
1865. 

The  water  there  is  fresh,  and  is  entirely  free  from  lime.  It  is  what 
is  known  as  a  '*  kind  *'  water  for  boilers.  The  speaker  does  not  know 
whether  metal  wonld  last  that  way  in  other  waters,  but  he  has 
pumped  up  and  dug  up  shells  and  rifles  which  were  not  rusted. 

The  depth  of  water  in  the  dock  was  originally  16  ft. ,  and  the  depth 
of  the  silt  was  about  4  ft.  The  pump  was  working  at  a  depth  of  22  ft. 
It  is  impossible  to  state  the  depth  at  which  the  rifle  lay,  but  it 
probably  came  from  the  16-ft.  level.  The  bottom  is  composed  of 
sand  and  gravel,  and  the  silt  lying  upon  it  came  from  the  James 
Biver,  which  runs  through  a  red-clay  country.  The  rifle  barrel, 
therefore,  had  about  16  ft.  of  mud  and  fresh  water  above  it. 

The  speaker  does  not  feel  competent  to  discuss  this  topic,  but  he 
is  deeply  interested  in  it,  and  hopes  that  the  result  of  the  discussion 
will  be  the  addition  of  much  valuable  information. 

Mr.  Hllden-  ^*  HiiiDENBBAND,  M.  Am.  Soc.  C.  E.— With  reference  to  the  old 
brand.  Roman  viaducts  and  aqueducts  mentioned  in  this  discussion,  which 
are  frequently  quoted  as  evidence  of  the  longevity  of  stonework  and 
its  superiority  over  iron  structures,  the  speaker  wishes  to  draw  atten- 
tion to  the  fact  that  in  other  Boman  structures  may  be  found  equal 
evidence  of  the  durability  of  iron.  Bemnants  of  bridges  over  the 
Bhine,  built  by  Julius  Csesar,  have  been  dug  up  during  the  past  flfty 
years,  while  the  work  of  regulating  the  bed  and  current  of  the  Bhino 
has  been  going  on.  In  Ctesar's  **  Commentarii  de  Bello  Gallico  "  one 
of  these  bridges  is  minutely  described,  corresponding  in  construction 
to  what  would  now  be  called  a  timber  trestle,  consisting  of  heavy  oak 
logs  connected  with  iron  bolts,  clamps  and  spikes.  Quite  a  number 
of  these  logs  were  found  under  the  bed  of  the  river,  nearly  2  000 
years  after  they  had  served  for  carrying  the  Boman  legions  over  the 
Bhine  in  their  attempt  to  subjugate  a  free  nation,  and  the  timbers,  as 
well  as  all  iron  bolts  and  spikes,  were  in  a  perfect  state  of  preservation. 

This  fact  corroborates  Mr.  0*Bourke's  assertion  that  iron  sub* 
merged  in  pure  water  will  probably  never  corrode. 

Of  course,  every  object  in  this  world  perishes,  or,  rather,  disinte- 
grates and  changes  into  some  other  form ;  but,  if  building  materials 
can  be  preserved  for  several  thousand  years,  it  may  be  said  that,  for  all 
practical  purposes,  they  last  forever. 

The  question  whether  metal  will  in  the  future  be  considered  as  per- 
manent and  durable  a  building  material  as  stone  cannot  be  solved  at 
the  present  time,  and  it  is  not  likely  that  any  who  are  here  will  live 
to  see  it  solved.  The  answer  to  the  question  cannot  be  found  by  the- 
orizing, but  depends  entirely  on  experience,  which  should  extend  over 
centuries. 

At  present  we  have,  so  to  say,  no  experience  at  all  about  the  dura- 
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bilitj  of  iron  or  steel  structures.  It  is  barely  sixty  years  ago  that  the  Mr.  HUden- 
first  iron  bridges  were  built,  and  it  is  doubtful  whether  a  single  one  ^™°**- 
of  that  age  is  in  existence  to-day.  Nearly  all  the  early  iron  bridges 
have  been  removed  and  replaced  by  modem  structures,  not  on  account 
of  having  been  decayed  or  weakened,  but  because  they  had  outlived 
their  usefulness,  and  stronger  ones  were  required  to  accommodate  the 
increased  and  heavier  travel  of  modem  times.  Our  experience  as  to 
the  durability  of  iron  and  steel  structures,  therefore,  is  very  limited, 
and  onlv  of  recent  date. 

If  a  stone  building  and  a  steel  building  were  erected  side  by  side, 
and  both  structures  were  left  to  themselves,  without  any  attempt  to 
protect  them  against  the  effects  of  the  atmosphere,  there  is  no  doubt 
that  the  stone  building  would  stand  very  much  longer  than  the  steel 
building.  In  New  York  City  there  is  an  example  in  the  New  York  and 
Brooklyn  Bridge.  The  massive  stone  towers,  which  are  now  more 
than  twenty-five  years  old,  have  no  protection  against  the  weather 
and  have  never  been  repaired.  They  are  to-day  as  they  were  left  by 
the  hand  of  the  mason  twenty-five  years  ago,  and,  according  to  a 
recent  thorough  inspection,  they  are  just  as  good  and  perfect  as  they 
were  on  the  day  they  were  finished.  On  the  other  hand,  the  steel  and 
wire-work  requires  constant  attention;  there  is  hardly  a  time  when  no 
men  are  seen  suspended  in  the  meshes  of  the  wire-work  repairing 
something  or  putting  on  a  coat  of  protective  paint. 

The  speaker  has  had  the  opportunity  of  examining  suspension 
bridges  erected  more  than  forty  years  ago,  and  while  he  found  the 
<;able8,  as  a  whole,  in  perfect  condition,  he  also  discovered  one  or  two 
places  where,  through  the  accumulation  of  water  or  through  imper- 
fections in  the  protective  paint,  the  wires  were  considerably  corroded 
and  needed  repairs.  All  of  this  shows  that  metal  structures  require 
attentive  watching  and  constant  renewal  of  paint  or  other  protective 
coverings,  and  that  any  oversight  or  inattention  is  followed  by  grave 
consequences. 

With  our  present  knowledge,  therefore,  we  may  sum  up  by  saying 
that  unprotected  masonry,  as  well  as  unprotected  ironwork,  is  perish- 
able, but  that  the  former  will  last  much  longer  than  the  latter.  How- 
ever, if  iron  or  steel  be  well  protected,  it  is  known  that  it  will  not 
decay  in  thousands  of  years,  and  will  be  as  durable,  if  not  more 
durable,  than  any  stonework.  Will  the  means  for  an  efficient  and  per- 
manent protection  of  steel  ever  be  discovered,  or  will  a  new  metal  be 
found  which  has  the  same  strength  as  steel  and  which  naturally  is  not 
subject  to  oxidation? 

H.  S.  Haikes,  M.  Am.  Soc.  C.  E. — Mr.   Hildenbrand  has  referred  Mr.  Haines, 
to  iron  bolts  in  bridges  built  by  Geesar  across  the  Bhine.  In  the  Colos- 
seum, built  about  A.  D.  80,  the  courses  of  heavy  travertine  masonry, 
laid  with  knife-edge  joints,  without  mortar,  were  connected  by  iron 
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Mr.  Haines,  cramps  fairly  well  protected  from  the  weather.  Many  of  these  were 
cut  out  in  the  Middle  Ages,  but  those  which  remain  appear  to  be  in 
good  condition.  The  yault  of  the  Pantheon,  140  ft.  in  diameter,  is  of 
concrete  supposed  to  be  strengthened  with  iron  rods.  This  vault,  built 
about  A.  D.  125,  is,  to  all  appearances,  in  excellent  condition.  From 
these  instances,  it  would  seem  that  iron,  used  structurally  in  connec- 
tion with  stone  or  concrete  masonry,  may  remain  efficient  for  nearly 
two  thousand  years. 

Iron  is  not  readily  oxidizable  in  pure  water,  for  the  oxygen  therein 
chemically  combined  is  only  separable  at  an  excessively  high  tempera- 
ture. It  is  the  atmospheric  oxygen  ordinarily  present  in  water  that 
is  the  oxidizing  agent.  Water  absorbs  carbonic  acid  gas  to  an  extent 
equal  to  its  volume,  and  the  water  thus  acidulated  acts  powerfully  upon 
iron  or  steel.  It  follows  that  in  large  cities  where  the  atmosphere  is 
heavily  charged  with  the  products  of  combustion,  the  falling  rain 
would  be  correspondingly  charged  with  carbonic  acid  gas,  and,  there- 
fore, that  the  effect  of  oxidization  upon  steel  construction  should  be 
proportionately  greater  from  exposure  under  such  conditions. 
Mr.  Johnson.  A.  L.  JoHNSON,  M.  Am.  Soc.  C.  E. — In  reference  to  a  statement  con- 
cerning the  corrosion  of  the  steelwork  in  the  large  buildings  in 
Chicago,  0.  T.  Purdy,  M.  Am.  Soc.  C.  E.,  was  one  of  th6  members  of 
a  Commission  to  examine  and  report  on  the  condition  of  those  build- 
ings. The  speaker  having  talked  with  Mr.  Purdy  recently  concerning- 
this  matter,  it  may  be  appropriate  to  give  some  of  thQ  results  as  de- 
scribed by  Mr.  Purdy.  His  report  has  undoubtedly  been  printed  ere 
this,  and  probably,  therefore,  there  will  be  no  objection  to  the  pro- 
mulgation of  the  information  at  this  time.  The  Commission  examined 
quite  a  number  of  the  buildings  in  Chicago  and  found  numerous  cases 
of  corrosion  in  the  columns;  but  it  was  not  developed  that  the  corrosion 
was  confined  to  the  outside  columns,  or  even  that  it  was  greater  in 
them  than  in  the  interior  columns.  The  beams  in  the  foundations,  Mr. 
Purdy  said,  were  found  to  be  in  uniformly  good  condition.  The  Com- 
mission's recommendation  would  be  that  in  future  all  the  steelwork 
for  these  buildings  should  be  entirely  surrounded  by  a  Portland 
cement  or  lime  mortar,  this  covering  being  filled  in  solid  behind  the 
fire-proofing. 

In  St.  Louis  a  very  well-constructed  building,  erected  about  twenty 
years  ago,  is  now  being  dismantled.  The  construction  consisted  of 
solid  external  walls,  cast-iron  columns  throughout  the  interior,  and 
steel  beams  painted  with  red  oxide  of  lead  paint.  The  building  was 
eight  stories  high,  and  of  fire-proof  construction,  the  floor  arches 
being  mainly  of  brick,  though  there  were  also  some  concrete  arches. 
The  steel  throughout  is  in  a  thoroughly  well-preserved  condition,  it 
having  been  in  all  cases  entirely  embedded  in  Portland  cement  mortar 
or  concrete  covering.     The  paint  also  has  been  thoroughly  preserved^ 
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and  in  the  speaker*s  eBtimation  an  embedment  in  Portland  cement  Mr.^JohnBon. 
mortar  is  the  only  means  of  preserving  that  preservatiye. 

Professor  Spencer  Newberry,  Manager  of  the  Sandusky  Portland 
Cement  Company,  recently  gave  a  lecture*  in  Chicago,  which  the 
speaker  regards  as  one  of  the  most  valuable  articles,  with  regard  to 
steel-concrete  construction,  that  has  appeared  in  print  for  some  time, 
covering,  as  it  does,  all  sides  of  the  question,  and  some  sides  in  an 
entirely  new  manner;  such,  for  example,  as  the  theoretical  considera- 
tions involved  in  the  preservation  of  iron  by  Portland  cement  cover- 
ing. In  this  article  he  shows  that  the  cement,  theoretically,  is  not 
simply  a  neutral  or  non-injurious  agent,  but  is  actively  engaged  in 
preventing  the  formation  of  rust. 

The  speaker's  company  has  samples  of  steel  embedded  in  cinder 
concrete,  in  the  form  of  broken  pieces  of  a  test  span,  made  in  the 
fall  of  1898,  and  tested  in  February,  1899,  these  pieces  having  lain 
on  the  ground  uncovered,  subject  to  the  action  of  the  elements,  for 
more  than  three  years.  On  numerous  occasions  these  pieces  have 
been  broken  open  for  the  purpose  of  observing  the  condition  of  the 
metal,  the  most  recent  case  having  been  before  the  Engineers'  Club  of 
St.  Louis,  last  January,  in  connection  with  a  talk  given  by  the  speaker; 
and  in  all  cases,  without  any  exception,  the  metal  has  been  found  to 
be  as  bright  and  clean  as  the  day  it  came  from  the  rolling  mill.  The 
quality  of  the  cinders  in  this  sample  was  considered  very  poor,  con- 
taining a  good  deal  of  dirt,  and  the  fine  material  was  screened  out. 
This  the  speaker  regards  as  desirable,  though  not  absolutely  neces- 
sary, where  cinder  concrete  is  used,  inasmuch  as,  if  it  is  not  done,  a 
slight  film  of  rust  will  be  formed  on  the  metal.  This  film,  however, 
never  increases  in  thickness,  but,  as  it  costs  little  to  avoid  it,  the  best 
practice  would  call  for  the  screening  of  the  cinders.  In  the  speaker's 
opinion,  the  reason  for  this  difierence  in  action  is  due  to  the  fact  that 
the  fine  stuff  contains  finely  divided  particles  of  sulphur,  which  are 
readily  dissolved  by  water,  slightly  acidulating  the  same,  and,  until 
the  concrete  dries  out  thoroughly,  a  slight  corrosive  action  is  taking 
place.  This  is  soon  neutralized  by  the  influence  of  the  Portland 
cement,  but  not  before  a  tilm  of  rust,  not  in  itself  materially  injurious, 
is  formed. 

Mr.  Darrach  has  expressed  himself  as  of  the  opinion  that  at  the 
present  time  we  are  not  able  to  calculate  the  strength  of  steel- concrete 
beams  with  any  degree  of  accuracy.  The  speaker,  of  course,  will 
have  to  take  exception  to  that  statement,  he  having  on  numerous 
occasions  endeavored  to  show  how  this  could  be  done,  and,  being  of 
the  opinion  that  the  data  with  regard  to  the  materials  used  being 
known,  he  could  arrive  at  the  maximum  carrying  capacity  within  about 

*  Before  the  Annual  Meeting  of  the  Associated  Expanded  Metal  Companies,  and 
reprinted  recently  in  Engineering  News. 


568  DIB0U8SI0N  ON  8TBBL  AND  MASONRY  CONSTRUCTION.    [Papers. 

Mr.  Johnson.  16%,  which  is  certainly  close  enough  for  all  practical  purposes,  in 
view  of  the  factor  of  safety  used.  Of  course,  the  strength  and  the 
modulus  of  elasticity  of  the  concrete  and  steel  must  be  known,  and,  as 
to  the  former  material,  these  functions  are  seldom  accurately  known, 
chiefly  because  no  special  tests  are  made  to  determine  this  for  the  ma- 
terials available  for  that  particular  work.  Their  influence  on  the  char- 
acter of  the  design  is  enormous,  and,  on  work  of  any  considerable  size 
or  importance,  these  values  should  be  obtained  before  the  designs  are 
prepared. 

As  to  the  relative  lasting  qualities  of  the  different  kinds  of  engi- 
neering structures,  the  speaker  is  of  the  opinion  that  only  a  few  forms 
of  stone  masonry  can  compare  in  length  of  life  with  a  concrete  con- 
struction reinforced  with  steel  properly  distributed  through  the  cross- 
section.  Strange  as  it  may  seem  to  those  not  conversant  with  the 
facts,  the  maintenance  charges  for  stone  masonry,  on  many  railroads, 
exceed  these  charges  for  steel  structures  in  proportion  to  the  relative 
quantities  of  each.  On  railway  work  it  is  usually  a  condition  of  taking 
what  you  can  get,  rather  than  what  you  would  like  to  have.  Many 
forms  of  sandstone  are  worthless.  Limestone  is  dissolved  in  the 
course  of  t^me  by  atmospheric  influences,  and  there  are  really  only  a 
few  kinds  of  stone  that  can  be  considered  as  everlasting,  and  these  are 
usually  so  expensive  as  to  prohibit  their  use.  A  very  good  example 
of  the  dissolution  of  limestone  masonry  is  afforded  at  the  Cabin  John 
Bridge.  Underneath  the  arch  may  be  noticed  stalactites  forming 
along  the  line  of  the  mortar  joints  between  the  granite  arch  stones, 
from  the  spring  line  some  distance  up  toward  the  crown.  The  back- 
fllling  of  the  arch  consists  of  a  considerable  depth  of  limestone 
rubble  masonry.  A  considerable  quantity  of  water  finds  its  way 
down  through  the  haunches  of  the  arch  and  then  through  the 
mortar  joints  of  the  arch  ring,  and  the  stalactites  indicate  that  the 
air  and  water  are  dissolving  this  limestone  backing.  This  same  action 
exists,  to  a  greater  or  less  degree,  in  all  limestone  structures. 

In  a  large  city  in  Indiana  the  speaker  recently  examined  some 
limestone  bridge  masonry  which  had  been  in  place  for  about  forty 
years,  and  much  of  it  could  now  be  scraped  up  with  a  fire  shovel. 

In  the  speaker's  opinion,  plain  concrete  construction  would  not  be 
everlasting,  on  account  of  the  cracks  which  are  almost  certain  to 
develop  in  such  structures,  these  cracks  filling  with  water  and  freezing 
in  the  winter,  and  gradually  getting  worse  and  spawling  off  as  the 
years  go  by. 

In  steel-concrete  construction,  if  the  metal  is  properly  distrib- 
uted and  proportioned  to  the  cross -section,  these  cracks  can  be 
absolutely  prevented.  The  speaker's  company  has  built  walls  30O 
ft.  long,  with  steel  reinforcement,  in  which  no  expansion  joints 
were  provided,   and  in  which  not  a  sign  of  a  crack  is  to  be  seen; 
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and  wo  aid  take  a  contract  to  bnild  sncb  a  wall  a  mile  long,  under  this  Mr.  Johnson. 
guarantee. 

To  accomplish  this  result,  however,  it  is  necessary  to  have  a  sub- 
division of  the  metal  reinforcement  into  small  areas  thoroughly 
disseminated  through  the  section,  just  as  in  successful  arch  con- 
struction it  is  necessary  to  have  the  metal  thoroughly  disseminated  in 
small  areas  through  the  upper  and  lower  portions  of  the  sections.  Heavy 
concentrations  of  metal  at  points  2  or  3  ft.  apart  will  not  give  the  pecu- 
liar stretching  quality  to  the  concrete  obtained  by  the  other  method, 
and  which  is  essential  to  success. 

When  properly  built,  this  steel-concrete  construction  will  not 
crack;  will  not  be  disintegrated  by  frost;  will  not  be  dissolved  by 
the  elements;  and,  in  the  speaker's  opinion,  is  the  only  kind  of  en- 
gineering structure  that  can  be  considered  permanent,  with  the  excep- 
tion of  one  or  two  kinds  of  rock  masonry,  the  cost  of  which  in  most 
cases  would  be  prohibitive. 

F.  Ltnwood  Gabbison,  Assoc.  M.  Am.  Soc.  C.  E. — Since  there  Mr.  oarriaon. 
seems  to  be  some  confusion  or  misunderstanding  regarding  the  corro- 
sive action  of  atmospheric  and  other  influences  upon  iron,  it  might  be 
advisable,  in  this  discussion,  to  state  briefly  a  few  of  the  most  impor- 
tant characteristics  of  metallic  iron  that  are  pertinent  to  the  subject, 
although,  in  so  doing,  the  risk  of  repeating  some  well-known  facts  must 
be  incurred. 

(1)  To  begin  with,  iron  is  one  of  the  metals  most  easily  oxidized 
and  affected  by  moisture,  consequently  it  never  occurs  in  the  metallic 
state.* 

(2)  Iron  does  not  undergo  any  alteration  in  pure  dry  air  at  ordinary 
temperatures. 

(3) -In  moist  air  iron  becomes  coated  with  ferric  oxyhydrate  hav- 
ing approximately  the  composition  Fe^03(OHg).  The  rust  varies  in 
composition  with  the  conditions  under  which  corrosion  takes  place. 

(4)  According  to  Percy,  iron  does  not  rust  unless  there  is  an  actual 
deposition  of  liquid  water  upon  the  surface  of  the  metal. f 

(5)  The  presence  of  certain  gases  and  vapors,  even  in  minute  pro- 
portions, such  as  sulphuretted  hydrogen  (HjS),  hydrogen,  chlorine* 
and  acetic  acid,  accelerates  rusting  in  moist  air,  though  no  liquid 
water  may  come  in  contact  with  the  metallic  surface.  Carbon  dioxide 
(CO2)  and  ammonia  gas  are  said  to  act  less  energetically  in  this 
respect.  J 

(6)  Iron  rust  often  contains  minute  quantities  of  ammonia,  due,  it 
is  supposed,  to  the  decomposition  of  the  water  by  the  action  of  the 
oxide  on  the  metallic  iron,  the  oxygen  combining  with  the  iron,  and 

*  Exceptions  must  be  made  where  the  iron  is  of  undoubted  meteoric  or  non-terres- 
trial  origin.    In  such  instances,  it  is  usually  alloyed  with  a  large  proportion  of  nickel. 

t ''  Metallurgy  of  Iron  and  Steel/'  p.  27. 

(BonsdorfT, ''  Repertoire  de  Chimie/'  Vol.  4,  p.  171. 
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Mr.  Garrison,  part  of  the  hydrogen  uniting  in  the  nascent  state  with  the  nitrogen  of 
the  air. 

(7)  Pure  water  deprived  of  air  appears  to  be  absolutely  inert,  as  far 

as  corrosive  action  is  concerned,  on  contact  with  iron,  even  at  lOC^ 
Cent* 

(8)  Rust  formed  far  beneath  the  water  consists  of  black  hydrated 
magnetic  oxide. 

(9)  The  formation  of  rust  takes  place  in  the  beginning  but  slowly ; 
after  a  thin  coating  has  once  been  formed,  the  corrosive  process  goes 
on  more  rapidly. 

(10)  Aqueous  solutions  of  potash,  soda  and  ammonia,  preserve  iron 
from  rusting,  provided  they  are  not  too  dilute. 

(11)  Water  containing  not  more  than  one-fifth  it«  volume  of  lime 
water  is  said  to  preserve  iron  from  rusting,  t 

(12)  The  contact  of  iron  with  more  electro-positive  substances,  such 
as  zinc,  retards  corrosion;  whereas  contact  with  more  electro-negative 
substances,  such  as  tin,  lead  and  copper,  accelerates  the  rusting. 

(13)  Magnetic  and  similar  oxides  of  iron,  which  constitute  the  basis 
of  iron  scale,  protect  the  iron  which  they  coat,  but  hasten  the  corro- 
sion of  rusted  iron,  whether  such  be  the  adjacent  portions  of  the  same 
piece  or  in  separate  pieces  which  are  galvanically  connected.  This 
protective  action  is  shown  by  the  comparatively  slow  rusting  of 
Bussian  sheet-iron,  of  *•  blued"  iron,  and  of  castings  that  retain  their 
original  skin. 

(14)  While  contact  with  zinc  and  highly  zinciferous  brasses  retards 
rusting,  contact  with  copper,  or  brasses  rich  with  copper,  hastens  it. 

(15)  According  to  Martell,  the  purer  qualities  of  mild  steel  when 
used  in  ship  hulls  are  more  likely  to  be  corroded  than  impure  iron.  A 
steel  ship  requires  more  care  than  an  iron  one.  Nickel  steel  is  not  so 
likely  to  be  corroded  in  salt  water  as  the  ordinary  and  purer  grades  of 
steel.  I 

This  array  of  more  or  less  well-known  facts  might  be  indefinitely 
elaborated;  however,  it  covers  the  subject  completely  in  a  general  way. 
It  seems  to  be  a  perfectly  sound  conclusion  that,  other  things  being 
equal,  where  likelihood  of  corrosion  is  effectually  prevented,  iron  (steel) 
makes  as  permanent  and  durable  a  bailding  material  as  masonry. 
Better,  in  fact,  for,  whereas  the  latter  will  certainly,  in  time,  disinte- 
grate, the  former  cannot.  Unusual  conditions  may  certainly  exist  in 
which  tbe  molecular  structure  of  the  metal  may  change;  such,  how- 
ever, must  be  regarded  as  abnormal  and  exceptional. 

A  statement  has  been  previously  made  in  this  discussion,  to  the 
effect  that,  inasmuch  as  iron  properly  covered  with  fire-proof  material 

*  MaUet,  Kept.  British  Assoc.,  1840,  p.  289. 

tGmelin  Handbuch,  Vol.  6,  p.  186. 

t  Journal,  Iron  and  Steel  Inst.,  No.  1, 1889,  p.  66. 
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or  concrete  will  not  corrode,  uncovered  iron  in  the  interior  of  build-  Mr.  Garrison. 
ings  will  be  immune  from  corrosion  because  it  is  then  covered  from 
the  weather  on  all  sides.  Were  walls  and  roofs  absolutely  water  or 
moisture  proof,  in  fact,  if  the  buildings  were  hermetically  sealed,  top, 
sides  and  base,  then,  and  I7hen  only,  would  the  interior  metal  be  free 
from  corrosive  influences.  As  a  matter  of  fact,  in  most  cases,  the  dan- 
gers from  corrosive  deterioration  are  much  exaggerated ;  the  greatest 
objection  to  steel  buildings  is  their  instability  in  flres.  Mild  steel,  at 
a  white  heat,  is  about  as  stiff  as  cheese,  whereas  masonry  is  not  affected 
in  the  same  way  at  high  temperature,  and  resists  collapse  to  a  far 
greater  degree. 

The  speaker's  belief  is,  that,  in  practice,  a  thick  eoyering  of  cement 
concrete  is  the  only  material  that  absolutely  protects  iron  from  corro- 
sion. Such  a  compound  structure  unites  the  advantages  of  both  com- 
ponent materials,  and  greatly  surpasses  in  strength  and  durability  an 
edifice  made  of  either  alone. 

All  are  familiar  with  the  remarkable  strength  and  endurance  of 
**  wire-glass,"  the  glass  sheet  being  cast  and  rolled  so  that  the  wire  net 
is  completely  covered  with  the  glass,  imparting  to  the  natural  fragility 
of  the  latter  a  certain  amount  of  elasticity  and  abnormal  strength;  the 
^lass,  in  turn,  absolutely  protecting  the  wire  from  corrosion.  So  long 
as  the  i^-ire  is  covered,  such  a  composite  sheet  will  hold  together, 
unless  broken  by  a  force  greater  than  the  tensile  strength  of  the  wire. 

Not  being  a  structural  engineer,  the  speaker  may  be  unfamiliar  with 
certain  objections  to  composite  concrete  and  metal  structures;  in  his 
ignorance,  however,  he  cannot  but  think  that  such  compound  construc- 
tions will  be  the  true  and  logical  line  of  development  in  the  future. 
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Subject  fob  Discussion. 

<'In  view  of  the  numerous  disasters  caused  by  the  contracting  of 
channels,  or  the  damming  of  small  streams,  should  non-navigable 
streams  be  under  the  control  of  the  National  Government?  " 


Bv  Messrs.  Budolph  Hbbino,  Chables  G.  Darbach  and 

FbANCIS  COLIilNOWOOD. 


Mr.  Hering.  BuDOLFH  Hebinq,  M.  Am.  Soc.  C.  E. — This  topic  does  not  allude 
to  the  questions  of  diverting  water  from  a  water-shed,  of  silting  up 
or  of  polluting  streams;  yet  these  are  quite  as  important,  and  are 
pressing  for  solution.  As  they  are  also  intimately  connected  with  the 
damming  and  regulation  of  streams,  it  seems  but  natural  that  they 
should  be  considered  in  connection  therewith,  and  the  speaker  accord- 
ingly takes  the  liberty  to  do  so. 

As  civilization  spreads  over  a  country,  changes  take  place  in  the 
physical  character  of  the  land  surface  by  the  decrease  of  forest  areas 
and  the  corresponding  increase  of  cultivated  areas,  allowing  the  soil  ta 


*  The  discussion  of  this  subject,  for  which  no  formal  paper  was  presented,  is  printed 
in  ProceednufB  in  order  that  the  views  expressed  may  be  oroui^ht  before  all  memoers  of 
the  Society  for  further  discussion  (see  Rules  for  Publication,  Proceeduvga^  Vol.  rzv. 


p.  71). 

Communications  on  this  subject  received  prior  to  September  90th,  1908,  will  be  pub- 
lished subsequently. 
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be  more  readily  washed  into  waterconrBes,  and,  in  populated  centers,  Mr.  Hering. 
by   the  addition  of    surfaces  more    or    less    impervious   to   water. 
Changes  take  place  also  in  the  character  of  tlvB  water  as  it  flows  in  the 
streams,  and  in  the  size  and  shape  of  the  beds  themselves. 

The  water  when  flowing  is  likely  to  change,  both  in  quality  and  in 
the  distribution  of  quantity.  The  more  soils  are  exposed  to  washing 
by  rain-water,  the  more  soil  particles  will  be  brought  into  it,  and 
carried  in  suspension  by  it,  causing  it  to  become  more  or  less  turbid. 
The  sites  of  habitations  and  manufactories  in  city  or  country,  and  the 
application  of  manure  to  cultivate  fields,  cause  every  rain  storm  to 
bring  into  the  streams  organic  matter  which  causes  them  to  become 
more  or  less  polluted,  if  not  directly  offensive,  and  injures  the  water, 
either  for  domestic  consumption,  for  fish  life  or  for  manufacturing 
purposes. 

The  quantity  of  water  flowing  in  a  stream  is  changed  by  the  growth 
of  population  in  a  way  that  flood  flows  tend  to  increase,  and  dry- 
^wcather  flows  tend  to  diminish.  Flood  heights  increase  by  the  reduc- 
tion of  forest  areas  and  of  water-retentive  vegetation,  which  causes 
more  rapid  run-offs  and  greater  velocity  in  the  streams.  Dry- weather 
flows  decrease,  in  consequence  thereof,  because  there  is  less  time  for 
percolation  into  the  ground,  and  therefore  less  storage  of  ground- water 
to  feed  the  streams  in  time  of  drought.  The  use  of  water  for  irriga- 
tion purposes  still  further  reduces  the  stream  flow,  both  by  direct 
diversion  of  the  water  and  by  evaporation  on  the  surface  of  the  land. 

The  beds  of  streams,  so  far  as  they  are  alluvial,  change  in  accord- 
ance with  the  added  amount  of  suspended  matter  carried  by  them,  and 
also  with  greater  floods  and  their  consequent  scour  and  re-deposit  of 
material  in  lower  stretches  of  the  stream. 

New  causes  therefore  appear  which  tend  to  increase  deposits  when 
velocities  become  less,  and  to  increase  scour  when  these  become  greater. 
As  both  effects  will  not  exactly  compensate  each  other  at  the  same 
points,  the  bed  of  an  alluvial  river  is  constantly  undergoing  changes, 
^rhich  have  increased  since  the  advent  of  civilized  man. 

Stream  beds  are  still  further  and  arbitrarily  changed  by  man  when 
he  endeavors  to  develop  the  usefulness  of  the  watercourse,  and  builds 
dams  across  it,  either  for  slack- water  navigation  or  for  power  and 
irrigation  purposes;  and  again  when  he  builds  or  fills  material  into  the 
stream,  or  in  some  way  encroaches  upon  its  natural  flood  section,  con- 
tracting it  without  attention  to  other  consequences. 

All  these  alterations  in  the  orig^al  conditions  of  a  stream  become 
the  more  annoying,  sometimes  even  disastrous,  by  causing  other  results 
than  those  desired,  the  more  a  community  becomes  settled  and  devel- 
oped. The  objectionable  results  are  due,  perhaps,  to  the  higher 
floods  which  now  destroy  more  developed  property,  perhaps  to  the 
lower  dry-weather  flows  which  deprive  water  users  of  some  of  their 
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Mr.  Hering.  original  ownership,  and  perhaps  also  to  greater  pollution  of  the  water, 
tending  toward  nnfitness  for  ordinary  domestic,  manufacturing  or 
farming  uses. 

The  multiplicity,  as  well  as  the  seriousness,  of  effects  upon  large 
public  and  private  interests  caused  by  the  streams  both  in  their 
natural  and  artificial  conditions,  due  to  a  large  growth  of  population, 
is  clear;  some  of  the  effects  relate  to  sanitation,  some  to  property 
rights  for  domestic,  farming  and  power  purposes,  and  some  to  com- 
merce. 

The  National  Government  now  controls  the  streams  of  our  country, 
as  far  as  they  are  navigable.  It  can  regulate,  dam  and  improve  them 
for  commerce  alone.  It  has  no  control  of  the  streams  for  the  purposes 
of  sanitation,  irrigation  or  farming,  for  domestic  and  power  supplies, 
or  for  any  purpose  of  damming  or  contracting  those  that  are  non- 
navigable;  nor,  perhaps  most  important  of  all,  has  it  control  over  the 
regulation  of  streams  to  prevent  disaster  from  floods.  And  yet,  in  a 
developed  community,  these  effects,  while  of  small  consequence  in  its 
early  life,  become  of  great  consequence  in  its  later  life.    ■ 

Reports  are  becoming  more  numerous  of  the  ill  effects  of  floods 
caused  by  the  improper  construction  of  dams  or  the  change  in  the 
physical  conditions  upon  the  water-shed  surface,  of  disasters  caused 
by  a  narrowing  of  the  flood  channel  or  by  accumulated  deposit  therein , 
or  of  polluted  streams  which  have  become  injurious  to  the  health  and 
life  of  man  and  cattle. 

The  subject  has  become  so  aggravated  in  a  few  States  that  official 
bodies  have  been  appointed  and  instructed  to  grapple  with  it  in  one 
or  another  of  its  phases. 

State  commissions  will  answer  perfectly  when  the  causes  and  effects 
are  within  the  State.  There  is  a  clear  difficulty,  however,  in  having 
a  single  State  endeavor  to  regulate  the  natural  and  artificial  condi- 
tions of  one  of  its  rivers,  when  this  originates  in  another  State  and 
is  received  in  an  injured  condition,  perhaps  polluted,  perhaps  with 
its  dry-weather  flow  seriously  diminished  or  its  floods  increased.  The 
other  State  may  exhibit  very  little  interest  in  the  matter,  and  its  legis- 
lature may  decline  to  effect  either  the  desired  remedy  or  any  remedy 
that  had  so  far  been  suggested. 

It  is  palpably  unjust  to  a  State,  as  it  is  to  an  individual,  to  permit 
a  change  to  be  made  by  one  party  to  the  injury  of  another,  in  the 
enjoyment  of  the  natural  privileges  granted  us  by  the  land  where  we 
live,  without  a  careful,  impartial  examination  of  the  facts  and  an  im- 
partial solution  of  the  difficulty. 

While  the  United  States  Supreme  Court  is  a  proper  final  authority 
in  many  such  cases,  no  court  can  ever  be  constructive,  in  a  physical 
sense,  and  therefore  will  not  answer  the  purpose  now  before  us. 

We  need  for  this  purpose  in  our  country  some  Board  or  Commission 
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of  Waterways,  which  should  have  supreme  authority  over  matters  Mr.  Bering. 
relating  to  the  physical  conditions  of  a  river  from  its  source  to  its 
mouth,  irrespective  of  State  boundaries,  consistent  with  and  resem- 
bling the  authority  already  placed  in  national  hands  for  regulating  nav- 
i^^ble  streams  for  commerce;  an  authority  which  can  make  a  thorough 
investigation  into  the  physical  conditions,  not  only  collecting  and 
Applying  information  now  in  the  hands  of  various  public  departments, 
but  supplementing  the  same  with  local  information  of  special  value; 
to  study  the  entire  subject  relating  to  floods  and  droughts,  and  pollu- 
tion and  diversion  of  the  water;  to  establish  official  profiles  and  cross- 
sections  for  both  dry- weather  and  flood  conditions,  to  which  all  private 
interests  should  conform;  and  to  establish  limits  for  the  pollution  and 
diversion  of  water. 

The  engineering  work  of  such  a  body  would  be  considerable,  yet 
the  lines  along  which  it  should  be  undertaken  would  be  clear,  and  the 
results  like  those  of  similar  engineering  enterprises.  The  organization 
of  such  a  body,  from  a  legal  and  political  standpoint,  is  equally  im- 
portant, and  is  a  factor,  perhaps,  more  difficult  of  solution.  It  will 
not  be  touched  upon  here. 

The  programme  of  the  topic  under  discussion  asks  whether  non- 
navigable  streams  should  be  under  the  control  of  the  National  Gk>v- 
emment.  In  this  opening  the  speaker  desires  to  take  a  broader  view, 
And  would  add:  *<  or  of  Joint  State  Commissions,  each  one  controlling 
the  water-shed  of  at  least  one  large  stream  ?  "  The  speaker  does  not 
in  the  least  feel  opposed  to  a  control  by  the  National  (Government;  in 
many  ways  it  would  appear  to  be  most  satisfactory.  There  are  also  good 
And  practical  reasons  for  having,  instead,  a  separate  commission  for  each 
large  water-shed,  or  group  of  smaller  ones.  A  local  commission  would 
be  better  informed  concerning  local  conditions,  which  are  or  may  be 
highly  important,  than  if  most  all  of  its  members  resided  elsewhere. 
In  either  case,  it  would  be  desirable  to  place  upon  such  a  board  a 
member  of  the  United  States  Engineer  Corps,  and  a  member  firom 
each  of  the  Departments  of  Agriculture,  the  Coast  and  Geodetic  Sur- 
vey, and,  perhaps,  also  from  a  Bureau  of  Commerce. 

It  seems  sufficient  at  this  time  to  call  attention  to  the  importance 
of  a  proper  regulation  of  our  non-tidal  streams,  of  the  physical  prac- 
ticability of  doing  this,  and  of  the  necessity  of  having  such  regu- 
lation undertaken  by  a  body  whose  authority  must  extend  over  the 
territory  of  at  least  one  entire  water-shed;  our  whole  country  being 
^divided  into  as  many  water  districts  for  this  purpose  as  may  seem 
best. 

As  precedents  for  such  an  undertaking  we  may  consider  the  fol- 
lowing: 

The  Mississippi  River  Commission  is  a  body  which  has  authority 
over  the  regulation  of  our  largest  river,  extending  through  several 
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Mr.  Hering.  States.    Its  authority,  however,  is  less  broad  than  it  appears,  from 
what  was  said  above,  might  properly  be  given  it. 

Recently,  a  Flood  Commission  was  established  in  the  State  of  New 
York  to  report  on  flood  preventions.  The  work  of  such  a  commission 
mnst  be  hampered  to  some  extent  by  its  limitations,  and,  unless  it 
takes  a  broad  view,  and  has  authority  and  means  to  make  comprehen> 
sive  investigations  and  carry  out  recommendations,  its  usefulness  to 
the  State  cannot  be  of  the  extent  which  is  here  contemplated. 

In  England,  due  partly  to  the  more  uniform  and  smaller  rainfall 
and  stream  flows  than  ours,  and  partly  to  the  previous  attention  that 
has  been  given  to  the  question  of  damage  by  floods,  these  matters  do 
not  now  receive  very  serious  attention.  The  large  industrial  develop- 
ment, on  the  other  hand,  has  compelled  the  enactment  of  laws  for  the 
government  of  streams,  prohibiting  the  introduction  into  them  of  solid 
matter  not  carried  in  suspension,  such  as  earth,  ashes,  building  rub- 
bish,  sludge  and  solid  sewage,  also  all  liquid  sewage  and  polluting 
liquid  from  manufactories,  provided  that  remedies  are  reasonably 
practicable  and  available  under  the  circumstances  of  the  case.  The 
carrying  out  of  these  laws  is  placed  in  the  hands  of  River  Conservancy 
Boards  and  Joint  River  Committees,  each  of  which  has  control  of  one 
or  more  water-sheds,  and  in  some  matters  acts  in  conjunction  with  the 
Local  Government  Board,  which  has  general  charge  of  such  matters. 

In  France,  for  many  years  there  has  been  a  special  bureau  in  the 
Department  of  Public  Works  called  the  Hydrometric  and  Flood 
Announcement  Service  {Services  Hydrometriques  cTAnnonce  des  Cruts). 
'  This  bureau  has  studied  the  general  conditions  of  each  liver  basin,  the 
means  to  prevent  inundations  and  to  regulate  and  equalize  the  flow, 
and  sends  advices  when  floods  are  expected.  The  water-sheds  for 
which  special  Boards  were  instituted  under  the  direction  of  the  Chief 
Engineer  of  Bridges  and  Roads  (Ingenieuren  Chef  des  Fonts  et  Chaussees) 
are:  Seine,  Canal  de  la  Sambre,  Escault  et  Yser,  Rh6ne,  Muerthe  et 
Mosel,  Aune,  Tech  et  L'Agly,  Garonne,  Dordogne  et  Adour,  and  Loire. 
Among  these,  the  Seine,  Rh6ne,  Garonne  and  Loire  are  the  most 
important.  Quite  recently,  a  law  has  been  passed  authorizing  the 
Department  of  Hygiene  to  inquire  into  the  pollution  of  rivers,  and 
provide  remedies.  It  also  authorizes  the  protection  of  all  sources  of 
water  supply,  and  imposes  fines  for  polluting  the  same. 

In  Germany,  the  regulation  and  correction  of  streams  is  in  the 
hands  of  Provincial  Governments  in  Prussia,  and  the  State  Govern- 
ment in  Bavaria.  The  smaller  states  agree  to  the  treatment  of  inter- 
state rivers  by  the  adjoining  countries  before  work  is  done. 

Each  of  the  Prussian  provinces  has  a  Stream  Building  Commission 
(Slrombaudireclian),  with  a  Chief  Engineer  (Oberpraesidetii)  at  its  head» 
which  controls  design,  construction  and  operation  for  each  river  flow- 
ing through  several  districts,  and  even  into  adjoining  provinces,  so  as 
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to  obtain  uniform  results  for  the  entire  river.  Such  Commissions  are  Mr.  Hering. 
locat-el  in  Dantzic  for  the  Vistula,  in  Breslau  for  the  Oder,  in  Magde- 
burg for  the  Elbe,  in  Coblenz  for  the  Bhine,  in  Munster  for  the  Dort- 
mund-Ems Canal,  and  in  Potsdam  for  the  Havel,  Spree.  Oder-Spree 
Canal,  etc.  The  mouths  of  the  rivers  are  controlled  by  another  branch 
of  the  government,  for  political  reasons.  The  rivers  pollution  ques- 
tions are  under  the  control  of  a  Minister  of  the  Government,  adyised 
by  the  Imperial  Board  of  Health. 

For  information  concerning  European  countries  the  speaker  is 
indebted  to  Ernest  Pontzen,  Cor.  M.  Am.  Soo.  C.  E. ;  Theodor  G. 
Hoech,  M.  Am.  Soc.  C.  E.,  and  B.  A.  Tatton,  M.  Inst.  C.  E. 

In  some  respects,  it  will  seem  better  to  have  separate  authorities 
to  regulate  the  questions  of  quantity  and  quality  of  the  water, 
speaking  broadly.  On  the  other  hand,  there  are  many  intimate 
connections  which  point  to  a  preference  for  a  single  commission 
controlling  both  hydraulic  and  sanitary  questions.  In  Europe  these 
q[ue8tions  are  now  in  the  hands  of  different  bodies,  both,  however, 
l>ranches  of  the  general  government. 

With  many  of  our  larger  rivers,  flowing  from  one  State  into  another, 
it  seems  proper  and  timely  to  obtain,  as  early  as  possible,  a  harmonious 
and  intelligent  treatment  of  their  profiles  and  sections,  and  also  of  the 
questions  of  diverting  and  polluting  their  water.  Official  profiles 
sbould  be  established  for  the  entire  river,  which  will  regulate  the 
velocities,  both  at  high  and  low  stages,  so  that  they  wiU  not  cause 
disastrous  results.  Normal  cross-sections  should  be  established  for 
the  ordinarv  and  also  for  the  freshet  flows.  No  obstructions  whatever 
should  be  allowed  within  them,  although  the  territory  rarely  flooded, 
l>ut  lying  within  the  flood  sections,  might  be  used  for  agricultural 
purposes,  as  is  sometimes  done  in  Europe,  with  the  risk  of  occasional 
destruction  of  crops.  As  it  may  often  be  necessary  to  protect  wide 
expanses  of  adjoming  property,  some  flood  sections  would  have  to  be 
diked;  and,  to  prevent  interruption  of  the  crossing  traffic,  the  entire 
flood  section  between  dikes  would  have  to  be  bridged  at  the  proper 
lieight.  In  many  cases  it  would  be  advisable  to  alter  the  alignment 
of  the  stream  more  or  less,  to  straighten  and  shorten  it,  where  now 
there  is  meandering.  In  adapting  such  changes  to  the  special  soil  of 
the  bed,  it  is  often  also  necessary  to  construct  special  submerged  dams, 
so  as  to  maintain  the  original  and  natural  regimen  of  the  streams. 

An  important  duty  would  also  be  the  establishment  of  storage 
reservoirs  where  found  expedient,  for  the  purpose  of  reducing  flood 
discharges  and  increasing  low- water  flows,  both  of  which  may  benefit 
the  riparian  owners  by  preventing  damage  in  one  case  and  ensuring 
gp:«ater  usefulness  in  the  other. 

The  diversion  of  a  part  of  a  stream  should  be  regulated  in  such  a 
manner  that  the  water,  in  accordance  with  its  value,  could  be  properly 
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Mr.  Herlngr.  and  jastly  distributed  among  the  respective  States  within  its  water- 
shed, and  deprive  no  State  of  water  to  which  it  has  a  natural  right. 

Where  works  of  industry,  and  particularly  of  ore- washing,  load  a 
stream  with  matter  that  is  first  carried  in  suspension  and  then  depos- 
ited lower  down,  thus  raising  its  bed,  proper  means  should  be  pro- 
posed to  prevent  injury  to  any  riparian  rights  without  unjustly 
interfering  with  important  industries. 

And  lastly,  such  an  authority  as  above  suggested  could  establish 
regulations  regarding  the  pollution  of  water  from  source  to  mouth, 
and  thus  protect  it  for  the  benefit  of  all  users  alike,  whether  in  ono 
State  or  another.  It  would  devolve  upon  the  same  authority  to  deter- 
mine the  proper  uses  to  which  the  waters  of  certain  rivers  could  be 
put.  In  some  cases  it  would  be  practicable,  and  even  necessary,  to 
reserve  them  for  the  domestic  supplies  of  future  populations;  in 
others,  manufacturing  interests  may  abound  to  such  an  extent  that 
certain  streams  should  not  be  devoted  to  domestic  use,  but  reserved 
for  other  uses,  and  protected  only  to  the  extent  of  not  becoming 
objectionable  to  sight  or  smell. 

Regarding  the  important  matter  of  payment  for  the  work  herein 
considered,  it  may  only  be  said  that  whether  the  National  Oovemment 
or  Joint  State  Commissions  undertake  the  same,  it  would  manifestly 
be  unfair  to  pay  for  it  entirely  from  funds  of  the  General  Gt>vemment, 
in  districts  where  it  is  not  itself  a  large  lao downer,  because  the  benefit 
would  accrue  generally  to  the  water-shed  alSected,  and  particularly  to 
the  riparian  property  owners.  Payment,  either  by  the  State  at  large 
within  which  the  improvement  is  made,  or  by  the  assessment  of  bene- 
fits against  the  counties  or  the  private  individuals  affected,  would  seem 
more  equitable. 

All  the  subjects  here  suggested,  and  but  briefly  touched  upon,  are 
more  or  less  effectively  solved  in  the  countries  of  Western  Europe. 
They  are  now  becoming  more  and  more  urgent  of  solution  in  our  own 
country.  It  is  to  be  hoped  that  we  will  not  be  long  in  arrears  in  crys- 
tallizing the  method  of  handling  this  important  subject  in  non-tidal 
streams  as  well  as  it  has  been  handled  in  tidal  rivers,  in  part  by  the 
United  States  Corps  of  Engineers,  and  that  the  results  may  be  at  least 
as  beneficent  as  those  accomplished  across  the  Atlantic. 

Mr.  Darrach.  Chakles  G.  Darbach,  M.  Am.  Soc.  C.  E.  (by  letter).— The  control 
of  non-navigable  streams  involves  their  entire  course  from  source  to 
mouth.  There  is  but  little  doubt  that  the  regimen  of  streams  passing 
through  two  or  more  States  can  be  controlled  by  the  National  Gov- 
ernment, but  the  individual  State  alone  has  jurisdiction  over  non- 
tidal  streams  wholly  within  its  own  boundaries,  unless  it  can  be 
shown  that  lack  of  vigilance  on  the  part  of  a  State  works  danger  and 
damage  to  the  health  and  prosperity  of  the  citizens  of  another  State 
with  whom  the  delinquent  is  indissolubly  united. 
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Present  knowledge  makes  it  possible,  with  slight  expense,  to  abso-  Mr.  Darrach. 
Intely  prevent  sewage  pollution  of  streams,  and  the  subject  under 
discussion  should  take  into  consideration  such  prevention.  In  the 
nvriter's  opinion,  the  aid  of  the  General  Government  can  be  invoked 
to  conserve  the  purity  of  any  non-tidal  stream,  even  if  its  entire 
course  lies  wholly  inside  the  confines  of  an  individual  State,  without 
violating  State  sovereignty,  the  only  bulwark  against  imperialism. 

A  State  must  be  considered  as  an  individual  or  a  household  in  a 
community  is  considered.  The  individual  and  the  household,  al- 
though imperial,  must  be  governed  by  the  general  laws  of  the  com- 
munity. 

Pathogenic  bacteria  may  be  carried  in  the  body  and  be  voided  from 
a  perfectly  healthy  person,  and  be  the  source  of  spreading  disease;  so 
that  a  healthy  individual  may  be  the  vehicle  for  carrying  disease  from 
the  polluted  stream  of  one  State  into  that  of  another;  and  if  a  State 
refuses  to  preserve  the  purity  of  streams  lying  entirely  within  its 
own  borders  they  may  become  sources  of  disease  and  danger  in  other 
States. 

This  subject  is  most  important,  as  it  deals  with  the  life  and  health, 
as  well  as  the  comfort  and  wealth,  of  our  entire  country. 

At  present  the  War  Department  of  the  National  Government  has 
control  of  the  national  engineering.  Does  not  the  subject  under  dis- 
cussion point  to  the  advisability  of  a  new  department  in  our  National 
Oovemment  dominated  by  civil  engineers? 

Fbascis  CoiiLiNGWooD,  M.  Am.  Soc.  C.  E.  (by  letter). — This  sub-  Mr.'CoUing- 
ject  is  one  with  which  the  writer  has  had  intimate  acquaintance  in      ^<x^- 
connection  with  the  streams  in  the  ''  southern  tier "  of  New  York 
State;  and,  as  emphasizing  the  remarks  of  Mr.  Hering,  he  desires  to 
cite  the  valley   of  the  Chemung  Biver,   with  which  he  has  been 
acquainted  for  more  than  half  a  century. 

A  number  of  years  ago,  after  a  disastrous  flood,  which  reached  a 
higher  point  at  Elmira  than  any  that  ever  preceded  it,  he  was  called 
upon  to  devise  means  by  which  the  city  should  be  protected  from 
future  flood  damage.  '  A  careful  survey  was  made  for  about  3  miles 
of  the  length  of  the  stream,  with  cross-sections  of  the  stream  and 
portions  of  the  valley  at  frequent  intervals.  Having  removed  from 
the  vicinity  some  twenty  years  before,  the  writer  was  amazed  at  the 
changes  wrought  in  that  time. 

At  a  point  about  a  mile  below  the  center  of  the  city  the  stream 
had  widened  from  a  normal  width  of  about  600  ft.  to  some  1  400  ft. 
The  banks,  formerly  steep  and  covered  above  with  grass  and  trees, 
were  cut  and  gashed,  and  there  were  small  detached  pools  of  water, 
and  a  growth  of  black  alders  reaching  out  100  ft.  in  width.  The 
stream  bed,  formerly  clear  and  with  no  obstruction,  was  now  a  series 
of  little  gravel  islands  from  a  few  square  feet  to  several  acres  in  area. 
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Mr.  Ck>iiiiig-  and  also  covered  more  or  less  with  alders.  In  place  after  place  every 
particle  of  the  black  mould  had  been  removed  from  the  ground, 
leaving  a  sterile  waste  of  clay,  covered  with  coarse  weeds.  This 
destruction  was  not  limited  to  one  locality;  the  same  conditions  were 
to  be  observed  everywhere  along  the  stream,  and  the  writer  was 
informed  by  a  large  land- owner  at  Wyalusing,  on  the  Susquehanna, 
that  the  river  flats,  which  formerly  he  considered  his  most  valuable 
land,  were  now  almost  worthless  for  agricultural  purposes. 

The  causes,  in  the  case  of  the  Chemung  River,  are  not  far  to  seek. 
One  of  the  streams  forming  it  is  the  Tioga  Biver,  which  has  a  very 
steep  descent.  Formerly,  the  region  was  heavily  wooded,  but  the 
timber  has  been  entirely  removed.  The  results  are  shown  strikingly 
in  one  fact,  viz.,  after  a  storm  the  floods  now  reach  Elmira  in  little 
more  than  half  the  time  they  formerly  occupied.  The  history  is 
familiar  to  all  intelligent  observers,  and  need  not  be  dwelt  upon. 
The  worst  of  it  is  that  heavy  floods  are  increasingly  numerous,  and 
the  damage  continuous.  The  converse  of  this,  that  is,  the  very  low 
water  in  summer  at  present,  as  compared  with  the  clear,  bright, 
flowing  river  of  former  times,  is  also  in  evidence. 

Now,  as  to  the  remedy:  The  design  proposed  was  to  restore  the 
sections  of  the  stream,  by  diking  and  dredging,  in  such  way  as  to 
pass  the  largest  known  flood  safely,  and  without  damage  to  property. 

The  objections  were,  flrst,  the  cost,  estimated  at  about  $700  000; 
second,  the  fact  that  to  this  must  be  added  a  constant  yearly  assess- 
ment for  maintenance.  The  improvement  proposed  that  the  material 
excavated  should  be  utilized  in  building  on  each  side  of  the  river  a 
pleasure  drive.  A  third  objection,  in  the  writer's  mind,  was  that  the 
concentration  of  the  full  flood  at  the  lower  end  of  the  improved 
channel,  instead  of  its  being  spread  over  the  valley  as  it  is  at  present, 
might  lead  to  damages  to  regions  below,  which  could  not  be  foretold. 

The  only  result  of  the  survey  was  the  building  of  one  or  more  dikes, 
which  seem  to  have  been  seriously  damaged  in  a  recent  flood. 

A  copy  of  the  report  was  sent  by  the  writer  to  the  Governor  of 
New  York,  and  his  attention  was  called  to  the  enormous  and  irrevo- 
cable destruction  of  valuable  land,  and  also  to  the  fact,  as  outlined 
above,  that  no  separate  municipal  or  other  body  could  with  propriety 
undertake  stream  control.  It  could  only  be  accomplished  success- 
fully by  the  State.  Another  remark  of  Mr.  Hering  is  here  to  the 
point;  the  Tioga  Biver  heads  in  Pennsylvania,  while  the  Chemung 
Biver  is  in  New  York. 

In  an  article  in  the  * '  Journal  of  Forestry  and  Irrigation  "  the  effect 
of  deforestation  was  shown  by  the  record  of  actual  observations  made 
during  the  eight  months  succeeding  April  1st,  1901,  on  Salt  Biver,  Ariz., 
below  where  it  is  joined  by  Tonto  Creek,  and  on  Tonto  Creek  half  a 
mile  above  the  junction.     The  basins  are  contiguous  and  similar,  but 
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the  Tonto  Basin  is  heavily  grazed  and  almost  hare  of  timher,  grass  or  Mr.  ColUncr- 
other  yegetation;  while  the  Salt  Biver  Basin  lies  in  the  Indian  Beser- 
vation,  where  the  sheep  and  cattle  of  the  white  men  are  not  allowed, 
and  it  is  heavily  timbered  and  well  carpeted  with  grass.  The  Creek 
carried  0.00275  of  1%  of  sediment,  while  Salt  Biver  carried  only 
0.00146  of  1%,  or  only  about  half  as  mnch. 

This  brief  statement  is  presented,  for  the  reason  that  the  facts  lie 
wholly  within  a  lifetime,  and  show  how  rapidly  the  destrnctive 
agencies  act  when  once  set  in  motion.  There  are  indications  that  the 
same  cycle  of  events  is  in  progress  in  the  extreme  West,  where  some 
of  the  most  heavily  wooded  regions  are  being  rapidly  deforested.  The 
saggestions  of  Mr.  Hering  are  wise,  and  to  the  point. 
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Mr.  Mead.  EiiWOOD  Mead,  M.  Am.  Soc.  C.  E. — There  are  two  classes  of  irri- 
gation v^orks  which  the  National  Government  may  properly  build 
and  operate.  The  first  are  reservoirs  located  in  the  channels  of 
streams  the  waters  of  which  are  used  in  irrigation ;  the  second  are  di- 
version works  of  great  magnitude  and  cost.  Both  promote  the  public 
welfare  in  such  manner  that  public  opinion  should  favor  the  extension 
of  such  aid. 

Beservoirs  are  a  necessity  to  the  largest  and  best  use  of  the  water 
supply  of  the  arid  region.  There  is  scarcely  a  stream  which  can  be 
fully  utilized  in  irrigation  without  storing  a  part  of  its  flow.  This  is 
due  to  the  fact  that  streams  do  not  rise  and  fall  with  the  demand  for 
water;  they  are  high  when  but  little  is  used  and  low  when  water  is 
most  needed  and  most  valuable. 

*  The  discussion  of  this  subject,  for  which  no  forma]  paper  was  preauited,  is  printed 
in  Proceedings  in  order  that  the  views  expressed  may  be  orouf  ht  befbre  all  menibers  of 
the  Society  for  further  discussion.  (See  Rules  for  Publicatifon,  ProceedingB^  toL  xxt, 
p.  71.) 

Ck>nununicatlons  on  this  subject  received  prior  to  September  fSStiu  IWB,  wUl  be  pub- 
lished subsequently. 
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While  the  mountain  snows  are  melting  floods  ran  to  waste,  bnt  Mr.  Mead. 
when  the  snows  are  gone  streams  shrink  to  a  mere  shadow  of  their 
former  volume,  and  this  shrinkage  occurs  when  the  needs  of  irriga- 
tors are  greatest.  The  studies,  now  being  carried  on  bj  the  Irrigation 
Investigations  of  the  Office  of  Experiment  Stations,  of  the  duty  of 
water,  when  compared  with  the  flow  of  streams,  as  shown  by  the  gaug- 
m|3^  of  the  United  States  Geological  Survey,  reveal  the  fact  that  a 
large  part  of  the  water  supply  runs  to  waste  before  it  can  be  profitably 
nsed.  Weber  Biver,  in  Utah,  has  dropped  from  4  688  cu.  ft.  per  sec- 
ond in  June  to  465  cu.  ft.  per  second  in  July.  The  high- water  flow  of 
the  North  Platte  Biver  in  June  has  been  thirty-four  times  as  great  as 
its  low-water  discharge  in  August.  The  discharge  of  Clear  Creek^ 
one  of  the  irrigation  streams  of  Northern  Wyoming,  in  June,  1898, 
was  32  000  acre-feet;  in  July  it  was  less  than  12  000  acre-feet. 

Before  these  facts  were  understood,  many  ditches  were  built  to 
utilize  the  floods  of  spring  and  early  summer.  Much  of  the  land 
nnder  these  ditches  is  now  either  idle  or  its  cultivators  often  suffer 
severe  losses.  The  construction  of  reservoirs  is  the  only  means  of 
improving  these  unsatisfactory  conditions.  Such  reservoirs  will  not 
only  increase  the  farmed  area,  but  add  to  the  profits  and  security  of 
the  farmer,  and  will  be  worth  far  more  than  they  wUl  cost.  Why, 
then,  should  their  construction  not  be  left  to  private  capital?  The 
answer  is:  To  avoid  legal  and  economic  complications  over  water 
rigfhts.  Storage  works  located  in  stream  channels  must  receive  all  the 
water  which  comes  down  from  the  mountains  above.  They  intercept 
the  water  when  the  river  is  low,  when  it  is  all  needed  and  all  belongs 
to  those  having  vested  rights.  Many  of  these  reservoirs  will  be  in 
places  remote  from  the  lands  now  irrigated.  The  farmers  who  need 
all  the  natural  flow  cannot  see  what  is  taking  place,  and,  when  they 
suffer  from  shortage,  the  reservoir  which  stands  between  their  farm  and 
the  mountain  snows,  if  it  is  a  private  property ,  will  almost  inevitably  be 
held  responsible.  Distrust  and  anxiety  thus  roused  will  lead  to  contro- 
versy, if  not  litigation.  All  these  evils  will  be  less  likely  to  arise  if 
the  works  are  pubhc.  Irrigators  will  be  less  likely  to  suspect  inter- 
ference with  their  rights  when  the  works  are  under  public  control 
than  wh^n  they  are  operated  for  private  gain. 

There  are  other  reasons  why  these  works  should  be  public  prop- 
erty. Where  storage  works  are  built  and  controlled  as  private  enter- 
prises, there  is  danger  that  the  owners  of  such  works  will  trade  upon 
the  necessities  of  farmers,  and,  when  their  fields  are  suffering  from 
drouth,  will  charge  such  high  rates  for  water  that  the  prosperity  of 
irrigated  agriculture  will  be  endangered.  But  if  these  works  are  built 
by  the  (Government,  the  tendency  will  be  to  make  water  rates  reason- 
able and  stable.  The  doctrine  of  public  ownership  can  be  maintained 
over  the  stored  supply  as  well  as  over  the  natural  flow.  Monopoly  of 
water  will  be  impossible,  and  its  abuses  averted. 
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Mr.  Mead.  The  argument  for  public  reservoirs,  therefore,  is  not  that  private 
capital  cannot  afford  to  build  them,  because  recent  experience  has 
shown  that  many  of  these  works  can  be  made  highly  profitable,  but 
that  they  should  be  regarded  as  a  public  utility,  just  as  we  regard 
bridges  across  streams  on  public  roads.  There  is  no  question  that 
toll  bridges  on  many  highways  would  pay,  and  there  is  equally  no 
question  that  while  they  would  be  profitable  to  their  owners  they 
would  be  a  nuisance  to  every  one  else.  That,  it  is  believed,  would  be 
the  experience  with  many  private  reservoirs  located  on  running 
streams. 

The  construction  of  costly  diversion  dams  and  main  canals  on  large 
rivers,  by  the  Government,  is  justified  by  the  fact  that  the  United 
States  owns  large  tracts  of  land,  now  practically  worthless,  but  which 
could  be  made  habitable  and  productive  by  this  outlay,  if  ownership 
carries  with  it  responsibility,  then  it  is  the  duty  as  well  as  to  the  inter- 
est of  the  Government  to  administer  this  property  so  as  to  make  it 
provide  the  largest  possible  opportunities  for  those  seeking  homes  on 
the  public  domain.  To  say  that  the  Government  shall  take  the  atti- 
tude of  an  alien  landlord  who  makes  no  improvements  and  pays  no 
taxes,  is  not  an  enlightened  conception  of  its  duty,  nor  is  it  just  to  the 
arid  states. 

Neither  individuals  nor  corporations  will  undertake  these  works 
unless  there  is  a  prospect  of  a  profit  commensurate  with  the  risk.  If 
this  profit  is  realized  it  will  put  the  cost  of  these  lands  beyond  the 
means  of  poor  men,  who  are  the  ones  to  be  looked  after  in  the  disposal 
of  the  public  domain.  Only  the  well-to-do  can  buy  land  which  costs 
from  $15  to  $26  an  acre  for  a  water  supply. 

The  Government  can  better  afford  to  do  this  work  than  can  private 
enterprises,  because  the  Government  derives  an  indirect  return  which 
private  enterprises  cannot  share.  Every  acre  of  land  reclaimed  adds 
to  the  taxable  wealth  and  to  the  greatness  and  strength  of  the  Nation. 
These  benefits  will  be  unending,  and  will  increase  with  time.  They 
are  worth  the  outlay  required. 

It  is  proper  that  the  Nation  should  build  these  works,  because  some 
of  them  will  be  located  in  one  State  while  the  water  will  be  used  in 
another  State.  It  will  be  a  much  simpler  arrangement  to  have  this 
work  done  by  the  National  Government  than  for  the  States  to  reach 
an  agreement.  Some  of  the  States  are  too  poor  to  utilize  their 
resources,  some  are  prevented  by  constitutional  restrictions.  The 
National  Government  can  secure  the  needed  funds  from  the  sales  of 
public  lands,  and  build  these  works  without  any  burden  to  taxpayers. 
East  or  West.  The  States  have  no  such  resource.  They  cannot  even 
tax  the  public  lands,  which  in  some  States  comprise  more  than  80^  of 
the  total  area. 

There  are  also  some  vexed  questions  relating  to  the  respective 
spheres  of  State  and  National  authority  over  the  control  of  streams 
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used  in  irrigation.  Each  State  ,now  controLs  the  division  of  water  Mr.  Mead, 
within  its  borders,  and  should  continue  to  do  so,  but  there  is  need  that 
tbis  control  shall  be  more  effective,  in  order  that  controversies  may  be 
averted  and  the  rights  of  actual  users  of  streams  made  secure.  In 
order  to  do  this,  the  field  of  control  of  the  Nation  and  of  the  State 
must  be  known.  We  are  beginning  to  realize  that  the  framing  of  water 
laws  is  among  our  most  vital  and  perplexing  problems.  Many  of  the 
streams  of  the  arid  region  finally  flow  into  navigable  rivers,  and  the 
question  arises:  Is  the  steamboat  below  or  the  orchard  and  garden 
above  to  have  first  claim  on  the  mountain  snows?  There  aie  interstate 
streams  where  on  one  side  of  a  State  boundary  the  doctrine  of  appro- 
priation prevails,  and  on  the  other  side  the  common-law  doctrine  of 
riparian  rights.  How  are  they  to  be  reconciled?  These  questions  will 
sooner  or  later  press  for  a  final  settlement,  either  through  legislation  in 
€k>ngress  or  by  litigation  in  the  Supreme  Court  of  the  United  States. 
They  involve  the  best  use  of  resources  of  great  value,  and  vitally 
afifect  the  material  development  of  one- third  of  the  United  States. 

The  construction  and  operation  of  irrigation  works  of  the  character 
above  described,  by  the  Nation,  will  tend  to  promote  the  enactment  of 
more  uniform  and  better  laws  by  the  States;  it  will  help  to  educate 
public  sentiment  regarding  the  legal  and  economic  problems  which 
irrigation  development  is  creating,  and,  in  the  end,  make  the  arid 
region  a  more  valuable  and  prosperous  part  of  the  Nation  than  if 
development  is  left  wholly  to  private  enterprise. 

T.  M.  BiFLEY,  Assoc.  M.  Am.  Soc.  C.  E. — In  speaking  of  this  Mr.  Ripley, 
snbieot,  at  first  thought,  it  seems  that  the  fundamental  idea  is  the 
vride-open  policy  of  our  Government  in  regard  to  emigration. 
Knowing  this,  and  having  lived  for  five  years  on  the  eastern  slope  of 
tlie  Bocky  Mountains,  in  Montana,  there  seems  to  be  but  one  answer, 
viz.,  '*Yes."  Tet  this  answer  must  be  qualified  to  include  only  that 
portion  of  the  question  which  would  deal  with  the  building  and  oper- 
ation of  storage  reservoirs.  Such  reservoirs  would  be  interstate  in 
tbeir  charact-er,  from  the  fact  of  their  influence,  not  only  on  that 
portion  of  the  stream  above,  but  also  on  the  government  of  the  flow 
'below  them. 

The  cost  of  such  works,  the  fact  of  their  influence  passing  state 
boundaries,  the  effect  which,  in  many  cases,  they  would  have  upon  the 
flow  of  streams  now  under  the  control  of  the  Federal  Government,  as 
well  as  the  operation  and  maintenance  of  the  same  (they  touch  the 
very  life  of  the  land-owner  in  the  arid  region),  make  it  not  only  expe- 
dient, but  actually  imperative,  in  some  of  these  cases,  that  these 
works  be  those  of  the  General  Government. 

On  the  other  hand,  it  may  and  probably  will  be  found  more  expe- 
dient that  federal  control  should  end  at  the  river  gate,  and  all  ditches 
with  their  accompanying  works  be  owned,  operated,  and  maintained 
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Hi.  titv^t>y-  bv  those  purchasing  the  water.  Control  of  this  water  by  sale,  its 
(>rv>per  apportionment  to  the  land,  and  some  restriction,  so  that  the 
watt^r  cannot  be  bought  for  a  speculative  purpose,  are  absolutely 
utH^ssarj  for  the  bringing  of  the  maximum  acreage  under  irrigation. 

The  quantity  of  water  stored  is  always  obtainable,  the  acreage 
possible  to  irrigate  always  known,  and  the  former  must  serve  as  much 
of  the  latter  as  possible,  to  fulfiU  its  duty. 

What  is  to  be  done  with  the  emigrants  after  receiving  them  within 
our  borders,  is  a  pressing  question,  the  answer  to  which  has  heretofore 
been  **  Send  them  West.*'  But  the  West  is  becoming  filled  up.  Now, 
that  may  sound  strange  to  a  great  many  who  know  that  they  can  ride 
for  miles  and  miles  along  a  river  course,  and  even  for  days  across 
country,  seeing  only  a  few  log  cabins;  nevertheless,  it  is  true.  The 
country  is  becoming  *'  filled  up,**  for  the  simple  reason  that  it  has  all 
the  population  it  can  at  present  support  economically,  from  the  very 
fact  that  there  is  not  enough  water,  or  that  the  water  in  the  locality 
cannot  be  used. 

Go  to  the  headquarters  of  many  of  the  mountain  streams;  foUow 
them  for  miles,  and  what  do  you  find?  A  few  ranches  located  on  the 
lowest  of  bottom  lands,  each  ranch  with  a  few  irrigated  acres;  the 
remainder  is  ''range,**  and,  if  the  stream  is  small,  few  years  go  by 
without  a  **  water  fight.**  The  man  below,  suffering  from  want  of 
water,  blames  his  neighbor  further  up  stream,  and  this  in  the  face  of 
the  fact  that  his  fields  are  scarcely  dry  from  the  spring  freshet  of  a 
few  weeks  before. 

The  Government  is  an  owner  and  dealer  in  land,  and,  as  was  said 
before,  it  encourages  the  emigration  of  people  to  those  lands.  The 
current  reports  show  that  the  number  of  emigrants  will  be  greater  this 
year  than  in  any  previous  year,  and  to  give  a  man  an  unirrigable  quar- 
ter-section on  which  to  build  a  home  is  like  offering  a  stone  for  bread. 

An  article*  by  Mr.  El  wood  Mead  begins:  *•  Although  one-third  of 
the  United  States  is  arid,  the  importance  of  its  reclamation  and  settle- 
ment to  the  Nation  has  thus  far  been  disregarded.** 

Mr.  Mead*s  statement  is  too  sweeping.  The  Government  has  made 
surveys  for  dam  sites  and  maps  of  the  same,  yet,  so  far  as  known,  the 
matter  has  been  carried  no  farther. 

Moreover,  legislation  is  now  pending,  and  let  us  hope  that  some- 
thing of  real  value  to  this  large  region  may  be  accomplished.  There 
are  thousands  of  acres  thirsting  for  the  water  which  will  place  them 
among  the  most  fertile  in  the  world;  square  miles  of  virgin  soil,  the 
value  of  which  "^411  increase  from  600  to  1  000^,  when  properly 
irrigated. 

That  the  Government  will  build  and  own  the  great  works  which 
are  necessary  for  the  reclamation  of  this  land,  is,  let  us  believe,  the 
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liope  of  everyone  yrho  is  intereBted  in  our  great  arid  region.     Let  the  Mr.  Ripley, 
water,  now  making  torrents  and  flooded  rivers,  be  stored  and  sold  at  a 
just  rate;  then  the  land,  now  producing  only  sage  brush*,  cacti  and 
bunch  grass,  will  be  changed  from  cattle  ranges  into  farms. 

Again,  many  good  ranges  and  winter  shelters  have  to  be  abandoned, 
■and  the  cattle  driven  many  miles  to  lower  ground,  or  else  may  perish 
on  the  range  for  lack  of  food,  when,  with  a  proper  storage  and  appli- 
cation of  the  run -off,  the  necessary  amount  of  feed  could  be  produced 
on  the  ground  now  abandoned.  Should  this  work  be  once  fairly 
started,  it  will  so  demonstrate  its  own  value  that  nothing  will  stop  it. 
It  means  a  new  West;  a  doubling  of  our  resources. 

F.  H.  Newell,  M.  Am.  Soc.  C.  E. — The  direct  answer  to  this  ques-  Mr.  NewelL 
tion  lies  now  with  statesmen,  rather  than  with  engineers,  as  such, 
since  it  is  a  matter  which  has  been  discussed  from  many  standpoints 
for  half  a  generation,  and  has  entered  into  national  politics  to  the 
extent  at  least  of  being  embodied  in  the  platforms  of  all  the  great 
political  parties,  and  has  formed  a  considerable  portion  of  the  recent 
Message  of  the  President  to  Congress.  Since  the  Chief  Executive  of 
of  the  Nation  has  answered  the  question  in  the  affirmative  it  would 
not  be  in  accord  with  official  courtesy  to  take  the  opposite  stand,  even 
though  it  might  accord  with  personal  ideas,  which  in  the  present  case 
it  does  not. 

Under  the  circumstances,  it  might  be  considered  preferable  at  the 
present  time  to  discuss,  not  the  question  whether  the  Government 
should  undertake  the  construction  and  operation  of  irrigation  works, 
bat  rather,  what  are  the  limitations,  or  the  extent  to  which  the 
National  Government  8ho.uld  go  into  the  matter.  The  developments 
within  the  arid  region,  through  private  enterprise,  have  proceeded 
to  a  point  where  the  construction  of  large  works,  as  a  rule,  is  found 
to  be  impracticable  from  the  financial  standpoint.  Many  small 
works  have  been  built  and  have  been  found  to  be  successful,  both 
in  an  engineering  sense  and  in  affording  a  satisfactory  revenue; 
but  the  opportunities  for  building  such  9mall  works  have  nearly 
all  been  utilized,  and  further  development  rests  largely  upon  the  ques- 
tion as  to  what  shall  be  done  toward  storing  floods  or  diverting  large 
rivers. 

The  situation,  as  regards  the  vacant  public  lands  and  the  oppor- 
tunities for  the  reclamation  of  arid  areas,  has  for  many  years  been 
one  of  the  matters  for  examination  by  the  United  States  Geo- 
logical Survey.  It  may  not  at  first  glance  be  apparent  why  this 
organization  is  concerned  with  the  matter.  The  word  *' geology" 
to  some  engineers  is  synonymous  with  rock  structure,  or  hypotheses 
as  to  the  origin  of  veins  and  mineral  deposits.  The  word,  how- 
ever, has  a  far  wider  meaning,  and  by  geologists,  at  least,  is  made  to 
include  a  thorough  knowledge  of  the  earth's  surface,  its  history,  pres- 
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Mr.  Newell,  ent  condition,  and  even  the  study  of  the  natural  resources  upon  and 
uader  the  surface. 

The  (Geological  Survey  is  something  more  than  the  examination  of 
the  structure  of  rocks.  In  fact,  its  organic  law  demands  that  the  Di- 
rector shall  have  charge  of  the  classification  of  the  public  lands,  and 
examination  of  the  geological  structure',  mineral  resources,  and  pro- 
ducts of  the  National  domain.  The  necessities  of  land  classification 
and  mapping  the  resources  have  given  rise  to  extensive  surveys  and 
engineering  investigations,  so  that  in  classifying  the  officers  or  mem- 
bers of  the  Geological  Survey  it  may  fairly  be  said  that  fully  one-half 
of  this  corps  consists  of  engineers,  as  distinguished  from  geologists. 
The  Director  himself,  although  not  claiming  to  be  an  engineer,  has  a 
well-earned  reputation,  not  only  as  a  scientific  man,  but,  among  an 
entirely  different  group  of  men,  is  known  as  one  of  the  best  designers 
and  constructors  of  large  buildings. 

The  explorations  made  by  the  Geological  Survey  in  its  early  days 
attracted  the  attention  of  the  public  and  Congress.  In  particular,  the 
work  of  its  former  chief,  John  W.  Powell  (Director  from  1880  to  1894), 
called  attention  to  the  importance  of  irrigation.  In  1888  he  was  au- 
thorized by  Congress  to  ascertain  the  extent  to  which  the  arid  lauds 
could  be  reclaimed  by  irrigation,  to  survey  reservoirs  and  ascertain  the 
cost  of  construction. 

Elaborate  plans  for  reclamation  were  made  at  this  time,  but  the 
irrigation  survey  thus  created  had  a  short  life,  terminating  in  1891, 
its  work  being  continued  on  a  small  scale  by  what  is  known  as  the 
Division  of  Hydrography  of  the  Geological  Survey.  Congress,  how- 
ever, apparently  never  gave  up  wholly  the  idea  of  Government 
work,  since,  in  the  various  acts  passed  from  time  to  time,  the  interest 
of  the  Government  has  been  guarded,  and  in  all  land  titles  right- 
of-way  for  works  constracted  under  the  authority  of  the  General  Gov- 
ernment has  been  reserved,  and  reservoir  sites  have  been  segregated 
on  public  lands. 

The  amount  of  water  available  for  storage  and  for  diversion 
has  been  the  subject  of  study  year  after  year  by  the  Division  of 
Hydrography,  and  data  bearing  upon  this  question  of  ultimate 
reclamation  have  been  brought  together.  At  the  same  time,  a 
study  of  the  public  lauds  has  been  made,  maps  have  been  pre- 
pared showing  the  location  of  these,  and  illustrating  the  vast  extent 
of  land  in  each  state  and  territory  still  in  the  hands  of  the  General 
Government. 

As  a  result  of  the  information  brought  to  the  attention  of  the 
people,  there  has  grown  up  a  popular  movement  for  the  reclamation 
of  the  arid  region.  This  has  found  expression  in  the  organization  of 
a  body  known  as  the  National  Irrigation  Association,  composed  of 
influential  business  men,  not  simply  of  the  West,  but  of  the  eastern 
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or  mannfacttiring  portions  of  the  countrj.     These  men  appreciate  that  Mr.  Newell. 

the  development  of  the  western   half  of  the  country  rests  wholly 

upon  irrigation,  and  that  the  West  when  completely  developed  will 

be  the  best  market  for  the  products  of  the  factories  of  the  East  and 

the  cotton  fields  of  the  South.     The  men  who  have  investments  in 

irailroads  also  appreciate  that  their  prosperity  is  closely  linked  with 

that  of   the   growing  West,  since  the  earnings  of  the  railroads  and 

of  the  men  whose  goods  they  haul  are  dependent  largely  upon  the 

amount  of  material  carried  backward  and  forward  between  the  East 

and  the  West. 

Notable  opposition  to  this  movement  has  come  from  only  one 
source,  and  that  is  the  eastern  grange.  There  has  been  a  fear  that  by 
the  building  up  of  homes  in  the  West  the  agricultural  lands  of  the 
£a8t  will  be  depreciated  in  value.  A  careful  examination,  however, 
shows  that  there  is  no  competition  of  farm  products  East  and  West, 
but,  on  the  contrary,  the  crops  raised  under  irrigation  are  of  different 
cbaracter  and  find  another  market  than  that  of  the  humid  East  or  the 
well- watered  Mississippi  Valley.  The  actual  condition  is  just  the  re- 
verse of  that  feared  by  some  of  the  eastern  farmers.  For  every  acre 
brought  under  cultivation  in  the  West  there  will  be  an  acre  cultivated 
in  the  East  to  supply  food  to  the  laborers  in  the  manufactories  or  on 
tbe  railroads  furnishing  the  western  farmer  with  the  implements  and 
articles  for  his  home  and  farm. 

The  agitation  which  has  continued  has  resulted  in  the  bringing  for- 
ward of  many  bills  authorizing  Government  construction,  one  of 
wbich  has  already  passed  the  Senate,  has  been  informally,  but  favor- 
ably, considered  by  the  President,  and  is  now  before  the  House  of  Rep- 
resentatives with,  it  is  claimed,  a  majority  pledged  to  its  support. 
The  question,  therefore,  as  to  whether  the  Government  shall  under- 
take the  construction  and  operation  of  irrigation  works  will  probably 
be  answered  in  the  afiSrmative  within  a  few  days  by  the  House  of 
Kepresentatives. 

In  the  meantime  the  executive  officers  of  the  Government  have  not 
been  idle  in  collecting  information  for  use  in  connection  with  proposed 
works.  Extensive  surveys  have  been  carried  on  and  plans  have  been 
made  for  a  number  of  structures,  so  that,  whenever  money  is  available, 
work  can  be  begun  toward  carrying  out  the  wishes  of  Congress.  The 
various  projects  now  under  consideration,  and  the  detailed  plans  for 
some  of  these,  can  be  seen  at  the  office  of  the  Geological  Survey,  and 
it  is  hoped  that  engineers  interested  will  visit  the  office  and  inspect 
the  results  of  some  of  the  work. 

In  addition,  detailed  facts  concerning  the  present  condition  of  irri- 
^tion  development  have  been  collected  by  the  Census  Office,  another 
bureau  connected  with  the  Department  of  the  Interior,  but  entirely 
distinct  from  the  Geological  Survey,  excepting  that  exi^erts  from  the 
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Mr.  Newell,  latter  have  been  detailed  to  the  Census  Office  for  specific  purposes. 
The  Eleventh  Census,  1890,  was  the  first  to  take  cognizance  of  irriga- 
tion. 

The  Twelfth  Census,  1900,  has  continued  the  investigation,  and 
there  are  now  in  the  hands  of  the  Government  complete  schedules 
showing  the  farm  areas  and  values,  and  the  detailed  crops  for  every 
farmer  in  the  United  States.  In  addition,  schedules  are  on  file  for 
most  of  the  irrigators  of  the  West,  and  detailed  statements  concerning 
ditches,  canals  and  investments  made  in  irrigation  works.  Without 
going  into  the  subject,  it  is  sufficient  to  state  that  the  total  area  irri- 
gated has  increased  from  about  3  500  000  acres  in  1889  to  more  than 
7  000  000  acres  in  1899,  or  103  per  cent.  The  number  of  irrigators  in 
the  same  time  has  increased  from  about  52  000  to  102  000,  or  95  per 
cent.  The  total  cost  of  construction  of  the  irrigation  systems  now  in 
operation  has  been  estimated  at  $64  000  000. 

There  is  a  tendency  to  greatly  exaggerate  the  extent  and  value  of 
the  present  irrigation  developments.  The  statements  given  out  from 
time  to  time  by  various  parties  would  lead  to  the  conclusion  that  the 
arid  region  is  far  more  largely  reclaimed  than  is  shown  by  these  fig- 
ures. The  census  examination,  however,  has  been  made  and  checked 
in  a  very  thorough  manner,  the  enumerators'  returns  having  been 
gone  over  with  great  care  and  compared  with  information  obtained 
through  correspondence  and  field  examination,  so  that  they  are  sup- 
ported by  a  wealth  of  collateral  evidence.  To  illustrate  this  point:  It 
is  popularly  stated  that  in  Nebraska  more  than  1  000  000  acres  have 
been  brought  under  irrigation  within  the  last  ten  years.  The  detailed 
enumeration  by  the  census  failed  to  find  anything  like  this  acreage, 
and  the  field  examination  and  correspondence  revealed  the  fact  that 
thousands  of  acres  of  the  lands  claimed  to  be  irrigated  have  never  been 
actually  watered.  In  fact,  less  than  150  000  acres  have  been  irrigated 
successfully,  or  not  much  more  than  one-tenth  of  the  amount  claimed. 
In  the  same  way  the  mileage  and  cost  of  existing  ditches  fades  away 
under  a  careful  scrutiny,  and  many  of  the  conclusions  drawn,  as  re- 
gards conditions  in  the  irrigated  region,  are  found  to  be  fallacious 
under  the  careful  scrutiny  of  impartial  statisticians.  This  poifit  is 
emphasized  because  it  is  sometimes  asserted  that  irrigation  develop- 
ment in  the  West  has  already  been  completed  by  private  enterprise, 
and  that  the  Grovemment  should  have  no  further  interest  in  the  mat- 
ter. 

On  the  contrary,  the  Oovemment  is  still  the  great  land-owner, 
having  control  of  from  one-half  to  nine-tenths  of  the  area  of  the  arid 
states,  and,  through  the  recently  adopted  policy  of  forest  reservation, 
it  is  taking  active  steps  to  preserve  and  perpetuate  the  water  supply, 
and,  through  the  legislation  now  in  hand,  it  is  probable  that  it  will  con- 
tinue in  the  line  of  reservoir  construction  and  diversion  of  large 
rivers. 
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Geoboe  H.  MaxweiiL,  Esq.* — This  discussion  brings  up  two  points  Mr.  MazwelL 
to  which  attention  should  be  directed. 

The  question  under  consideration  is: 

'*  Should  the  National  Government  undertake  the  construction 
and  operation  of  irrigation  works?" 

When  that  question  has  been  decided  in  the  affirmative,  the  next 
question,  and  a  verv  important  one,  is  how  to  get  the  National  Gov- 
•ernment  to  do  it. 

•  When  the  matter  is  presented  to  Congress,  the  question  is  imme- 
diately asked :  What  return  will  the  Government  get  for  the  expendi- 
ture of  its  money?  In  answering  this  question  it  is  essential  to  bear 
in  mind  that  there  are  two  specific  propositions  to  be  considered,  and 
tliat  they  must  always  be  kept  separate  and  distinct,  and  never 
•confused. 

One  question  is:  Should  the  National  Government  build  the  stor- 
age reservoirs  to  conserve  the  flood  waters  that  now  go  to  waste,  in 
order  primarily  to  regulate  and  equalize  the  flow  of  the  rivers? 

The  other  question  is:  Should  the  National  Government  build  the 
reservoirs  and  main-line  canals  which  are  necessary  to  bring'  water 
within  reach  of  settlers,  in  order  to  make  possible  the  reclamation  and 
settlement  of  the  arid  public  lands? 

The  National  Irrigation  Association  answers  both  these  questions 
in  the  affirmative,  and  states  them  separately,  among  the  objects  of  the 
Association,  in  its  Constitution,  as  follows: 

'*  Section  2.  —  The  preservation  and  development  of  our  national 
resources  by  the  construction  of  storage  reservoirs  by  the  Federal 
Grovemment  for  flood  protection,  and  to  save  for  use  in  aid  of  naviga- 
tion and  irrigation  the  flood  waters  which  now  run  to  waste  and  cause 
overflow  and  destruction." 

**  Section  3.  —The  construction  by  the  Federal  Government  of 
storage  reservoirs  and  irrigation  works  wherever  necessary  to  furnish 
crater  for  the  reclamation  and  settlement  of  the  arid  public  lands.  ** 

President  Boosevelt,  in  his  message  to  Congress,  recommends  the 
adoption  of  a  broad  and  comprehensive  national  forestry  and  irriga- 
tion policy  by  the  National  Government,  and  the  distinction  between 
the  two  propositions  in  question  is  clearly  drawn  in  his  message. 

Concluding  that  part  of  his  message  which  relates  to  forestry,  he 
savs: 

"  The  forests  are  natural  reservoirs.  By  restraining  the  streams  in 
flood  and  replenishing  them  in  drought  they  make  possible  the  use  of 
waters  otherwise  wasted.  They  prevent  the  soil  from  washing,  and 
so  protect  the  storage  reservoirs  from  filling  up  with  silt.  Forest  con- 
servation is,  therefore,  an  essential  condition  of  water  conservation." 

Passing  from  the  subject  of  forestry  to  the  question  of  storage 

reservoirs  for  water  conservation  and  river  control,  he  says: 

**The  forests  alone  cannot,  however,  fully  regulate  and  conserve 
the  waters  of  the  arid  region.     Great  storage  works  are  necessary  to 

*  Executive  Chairman,   Tlie  National  Irriffstion  Association. 
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Mr.  Maxwell,  equalize  the  flow  of  streams  and  to  save  the  flood  waters.  Their  cod- 
strnotion  has  been  conclusivelj  shown  to  be  an  undertaking  too  vast 
for  private  effort.  Nor  can  it  be  best  accomplished  by  the  individual 
states  acting  alone.  Far-reaching  interstate  problems  are  involved; 
and  the  resources  of  single  states  would  often  be  inadequate.  It  is 
properly  a  national  function,  at  least  in  some  of  its  features.  It  is  as 
right  for  the  National  Government  to  make  the  streams  and  rivers  of 
the  arid  region  useful  by  engineering  works  for  water  storage  as  to 
make  useful  the  rivers  and  harbors  of  the  humid  region  by  engineer- 
ing works  of  another  kind.  The  storing  of  the  floods  in  reservoirs  at 
the  headwaters  of  our  rivers  is  but  an  enlargement  of  our  present 
policy  of  river  control,  under  which  levees  are  built  on  the  lower 
reaches  of  the  same  streams. 

*'The  Government  should  construct  and  maintain  these  reservoirs 
as  it  does  other  public  works.  Where  their  purpose  is  to  regulate  the 
flow  of  streams,  the  water  should  be  turned  freelv  into  the  channels 
in  the  drv  season  to  take  the  same  course  under  the  same  laws  as  the 
natural  flow.  *' 

Then  he  takes  up  the  question  of  the  reclamation  of  the  arid  public 
lands,  and  considers  it  as  a  separate  and  distinct  problem,  as  it  always 
should  be  considered,  and,  in  reference  to  that,  he  says: 

*'  The  reclamation  of  the  unsettled  arid  public  lands  presents  a 
different  problem.  Here  it  is  not  enough  to  regulate  the  flow  of 
streams.  The  object  of  the  Government  is  to  dispose  of  the  land  to 
settlers  who  will  build  homes  upon  it.  To  accomplish  this  object 
water  must  be  brought  within  their  reach. 

'*  The  pioneer  settlers  on  the  arid  public  domain  chose  their  homes 
along  streams  from  which  they  could  themselves  divert  the  water  to 
reclaim  their  holdings.  Such  opportunities  are  practically  gone. 
There  remain,  however,  vast  areas  of  public  land  which  can  be  made 
available  for  homestead  settlement,  but  only  by  reservoirs  and  main- 
line canals  impracticable  for  private  enterprise.  Their  irrigation 
works  should  be  built  by  the  National  Government  The  lands  re- 
claimed by  them  should  be  reserved  by  the  Government  for  actual 
settlers,  and  the  cost  of  construction  should,  so  far  as  possible,  be 
repaid  by  the  land  reclaimed.  The  distribution  of  the  water,  the 
division  of  the  streams  among  irrigators,  should  be  left  to  the  settlers 
themselves,  in  conformity  with  state  laws  and  without  interference 
with  those  laws  or  with  vested  rights.  The  policy  of  the  national 
Government  should  be  to  aid  irrigation  in  the  several  states  and  terri- 
tories in  such  manner  as  will  enable  the  people  in  the  local  communi- 
ties to  help  themselves,  and  as  will  stimulate  needed*  reforms  in  the 
state  laws  and  regulations  governing  irrigation. 

''The  reclamation  and  settlement  of  the  arid  lands  will  enrich 
every  portion  of  our  country,  just  as  the  settlement  of  the  Ohio  and 
Mississippi  Vallevs  brought  prosperity  to  the  Atlantic  States.  The 
increased  demand  for  manufactured  articles  will  stimulate  industrial 
production,  while  wider  home  markets  and  the  trade  of  Asia  will  con- 
sume the  larger  food  supplies  and  effectually  prevent  western  com- 
petition with  eastern  agriculture.  Indeed,  the  products  of  irrigation 
will  be  consumed  chiefly  in  upbuilding  local  centers  of  mining  and 
other  industries,  which  would  otherwise  not  come  into  existence  at  all. 
Our  people  as  a  whole  will  profit,  for  successful  homemaking  is  but 
another  name  for  the  upbuilding  of  the  nation." 
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The  broad  .distinction  between  the  two  propositions;  storage  reser-  Mr.  MazwelL 
voirs  for  river  control  on  the  one  hand,  and  reservoirs  and  canals  for 
the  reclamation  of  the  arid  public  lands  on  the  other  hand,  is  in  the 
natnre  of  a  ret  am  which  the  Government  will  get  for  its  investment, 
and  the  way  in  which  that  return  will  come  back  to  the  Government. 

Where  reservoirs  are  built  for  river  control,  the  return  to  the 
Government  will  be  indirect  from  the  increased  prosperity  and  popula- 
tion of  the  country,  and  the  resulting  increase  in  our  commerce  and 
in  the  general  welfare  of  the  people,  which  will  correspondingly 
enlarge  the  general  revenues  of  the  Government.  It  is  from  this 
indirect  source  that  the  Government  gets  the  return  which  warrants 
the  construction  of  any  other  river  or  harbor  improvements,  such  as 
the  reservoirs  which  have  already  been  built  on  the  head  waters  of  the 
Mississippi  Biver,  the  levees  on  the  Mississippi  Kiver,  the  Eads  Jetties 
at  the  mouth  of  that  river,  the  Sault  Ste.  Marie  Canal  and  Locks,  and 
many  other  instances  of  river  improvements  which  might  be  given. 

Where  reservoirs  or  large  main-line  canals  are  built  to  bring  water 
within  reach  of  settlers  on  the  public  lands,  the  Government  would 
get  its  return  directly  from  the  lands  reclaimed.  The  public  lands  to 
be  irrigated  would  be  reserved  for  actual  settlers  only  under  the 
Homestead  Act,  and  each  settler  would  pay  to  the  Government  his 
relative  proportion  of  the  cost  of  the  irrigation  system.  This  would  be 
a  charge  on  the  land,  just  as  in  the  case  of  an  assessment  for  a  local 
public  improvement. 

If  the  proposed  National  Irrigation  Act  now  pending  in  Congress 
should  be  enacted  into  a  law,  it  would  carry  into  effect  the  policy 
advocated  by  the  National  Irrigation  Association,  and  recommended 
by  the  President  in  his  Message,  for  the  reclamation  and  settlement 
of  the  arid  public  lands,  through  the  construction,  by  the  National 
Qovemment,  of  the  great  reservoirs  and  main-line  canals  necessary  to 
enable  settlers  to  irrigate  and  reclaim  those  lands. 

Under  this  proposed  act,  this  would  be  accomplished  without 
imposing  any  burden  of  taxation  at  all  upon  the  people  at  large.  The 
act  proposes  to  set  apart  the  proceeds  from  the  sales  of  public  lands 
in  the  arid  and  semi-arid  States  as  a  revolving  construction  fund  in 
the  Treasury  of  the  United  States  to  be  expended  by  the  Secretary  of 
the  Interior  in  building  irrigation  works  for  the  reclamation  of  other 
public  lands.  When  these  other  public  lands  have  been  reclaimed, 
and  the  cost  of  their  construction  has  been  returned  by  the  settlers 
^who  have  secured  the  lands,  the  money  goes  again  into  the  reclamation 
fund  to  be  reinvested  in  the  construction  of  new  irrigation  works. 

The  amount  which  would  be  available,  under  the  act,  on  June  30th, 
1902,  would  be  about  $6  000  000.  To  this  would  be  added  each  year 
the  estimated  receipts  from  public  lands,  amounting  to  about  $2  500  OOG 
a  year.  This  would  provide  a  fund  of  925  000  000  for  construction  in 
the  first  ten-year  period.     The  average  annual  returns  from  public 
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Mr.  Maxwell,  land  sales  would  probably  increase  as  the  country  settles  up,  because 
of  the  greater  demand  for  mineral  land,  oil  land,  timber  land  and 
grazing  land.  But,  assuming  tbat  the  annual  returns  continued  at 
9'2  500  000  a  year,  there  would  be  another  S25  000  000  from  this  source 
for  investment  in  the  second  ten  years,  and  the  $25  000  000  invested  in 
the  first  ten  years  would  come  back  for  reinvestment  in  the  second  ten 
years,  making  a  total  of  $50  000  000  available  for  investment  in  new 
irrigation  works  in  the  second  ten  years.  In  the  third  ten-year 
period,  another  $25  000  000  would  be  available  from  land  sales,  and 
the  whole  $50  000  000  invested  in  the  second  ten  years  would  come 
back  for  reinvestment  during  the  third  ten  years,  making  a  total  of 
$75  000  000  available  for  investment  in  new  irrigation  works  in  the 
third  ten-year  period.  It  is  therefore  a  conservative  estimate  that 
$150  000  000  would  be  available  for  investment  in  new  irrigation  works 
under  this  proposed  act  within  thirty  years  from  this  time,  and  every 
dollar  invested  finally  comes  back  to  the  €k>vemment. 

Every  safeguard  which  could  be  suggested  has  been  embodied  in 
this  bill.  It  is  essentially  a  bill  for  the  benefit  of  the  home-maker  as 
against  the  land  speculator.  Lands  to  be  reclaimed  are  to  be  with- 
drawn by  the  Secretary  of  the  Interior,  and  cannot  be  entered  except 
under  the  Homestead  Act.  The  Commutation  Clause  of  the  Homestead 
Act  is  made  inapplicable  to  land  located  under  this  act.  Five  years* 
actual  residence  is  necessary  before  title  can  be  secured  from  the  Gov- 
ernment. Non-resident  owners,  of  lands  under  the  system  which  have 
passed  into  private  ownership,  cannot  secure  a  water  right  under  any 
circumstances,  and  resident  owners,  or  those  living  near  the  land  and 
farming  it,  as  in  the  village  farm  communities  of  Utah,  can  only  secure 
a  water  right  for  160  acres  of  land.  Beneficial  use  is  made  the  basis, 
the  measure,  and  the  limit  of  all  rights  to  water  under  the  act,  and 
water  rights  are  made  appurtenant  to  the  land. 

As  an  illustration  of  what  can  be  accomplished  under  this  act,  we 
may  form  some  conception  in  imagination  by  looking  at  a  single  State. 
The  State  of  Montana  is  as  large  as  Illinois,  Indiana  and  Ohio  taken 
together.  Those  three  States  have  a  population  of  more  than  10  000  000. 
Montana  has  a  population  of  only  about  250  000.  If  all  the  irrigable 
public  lands  in  the  State  of  Montana  which  could  be  irrigated  from  the 
water  which  now  runs  to  waste  were  reclaimed  by  the  construction  of 
irrigation  works,  under  this  National  Irrigation  Act,  Montana  could  be 
made  to  sustain  as  large  a  population  as  Illinois,  Indiana  and  Ohio, 
and  to  produce  equal  to  those  States  in  their  vast  agricultural  pro- 
ducts. The  Asiatic  market  would  take  every  pound  of  surplus  farm 
products  from  Montana,  and  no  competition  with  eastern  agriculture 
would  be  created.  The  demand  for  every  manufactured  product  of  our 
eastern  factories  would  be  enormously  stimulated,  and  every  section  of 
the  country  would  be  benefited  by  the  wide  dissemination  of  the  new 
wealth  created  in  Montana.     The  Government  would  get  back  every 
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dollar   that  it  inyested  in  irrigation  works,   from  the  settlers    who  Mr.  Maxwell. 
located  the  land. 

It  wonld  be  difficult  for  the  human  mind  to  devise  anything  which 
this  government  of  ours  could  do  which  would  promote  the  genenl 
welfare  of  the  people  as  much  as  such  a  transformation  as  this  of  one 
of  our  western  States.  And  when  it  is  considered  that  Montana  is 
bat  a  ftingle  State,  and  that  the  whole  West  is  capable  of  this  same 
transforfnation,  some  idea  may  be  formed  of  the  vast  potentialities  of 
the  national  policy  which  will  be  inaugpirated  with  the  passage  of 
this  National  Irrigation  Act. 

In  the  second  question  under  consideration — the  building  of  reser- 
voirs for  river  control — the  subject  of  the  return  to  the  Government 
nmst  be  approached  from  a  different  point  of  view. 

As  the  President  has  said  in  his  Message,  the* building  of  such 
storage  works  in  the  arid  region  would  be  merely  an  enlargement  of 
our  present  policy  of  river  control. 

The  Biver  and  Harbor  Act  of  June  3d,  1896,  contained  the  fol- 
lowing item  of  appropriation : 

"For  the  examination  of  sites,  and  report  upon  the  practicability 
and  desirability  of  constructing  reservoirs  and  other  hydraulic  works 
necessary  for  the  storage  and  utilization  of  water,  to  prevent  floods 
and  overflows,  erosion  of  river  banks  and  breaks  of  levees,  and  to 
re-enforce  the  flow  of  streams  during  di ought  and  low* water  seasons, 
at  least  one  site  each  in  the  States  of  Wyoming  and  Colorado.'' 

Under  this  appropriation.  Captain  Hiram  M.  Chittenden,  M.  Am. 
Soc.  C.  E.,  was  detailed  to  make  the  investigation,  and  his  report  is 
known  as  the  Chittenden  Report.* 

The  report  is  a  most  exhaustive  examination  and  discussion  of 
all  the  conditions  out  of  which  the  necessity  for  the  construction  of 
federal  reservoirs  grows,  besides  the  detailed  plans  and  estimates  of 
the  particular  reservoir  sites  surveyed.  One  of  these  proposed  reser- 
voirs, near  Laramie,  Wyoming,  has  the  enormous  capacity  of  over 
900  000  acre-feet  of  water. 

After  fully  setting  forth  the  reasons  why  it  is  impossible  that 
these  great  reservoirs  should  be  constructed  by  private  capital  or 
individual  enterprise,  and  showing  clearly  the  reasons  why  they 
should  be  built  by  the  nation  rather  than  by  the  State,  the  report 
closes  (page  58)  with  the  following : 

''The  foregoing  examination  has  led  up  to  the  following  con- 
clusions: 

'*First.--A  comprehensive  reservoir  system  in  the  arid  regions 
of  the  United  States  is  absolutely  essential.to  the  future  welfare  of 
this  portion  of  the  national  domain. 

•'Second. — It  is  not  possible  to  secure  the  best  development  of 
such  a  system  except  through  the  agency  of  the  General  Govern - 
ment. " 


*  H.  R.  Doc.  141,  56th  Congress,  Second  Session. 
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Mr.  Maxwell.        One  of  the  strongest  argpiments  in   favor   of  the  constraction  of 

such  storage  reservoirs  by  the  Federal  Govemment  is  clearly  stated 

by  Captain  Chittenden  in  this  report  as  follows: 

**  There  seems  to  be  a  well-nigh  universal  consensus  of  opinion 
that  the  preservation  of  the  forests  of  the  arid  regions  is  distinctly  a 
Govemment  duty.  Considerable  appropriations  have  been  made  for 
the  surveys  of  proposed  reservations,  and  ways  and  means  for  their 
preservation  are  being  considered.  Now,  one  of  the  great'  arguments 
always  advanced  in  favor  of  forest  preservation  is  the  influence  which 
forests  are  supposed  to  have  in  conserving  the  flow  of  the  streams. 
Inasmuch  as  the  commercial  value  of  these  forests  is  practically 
insignificant,  except  for  furnishing  fuel  and  rough  timber,  the  wat-er 
question  is  really  the  more  important  one.  If  it  is  properly  a  Gk)vem- 
ment  function  to  preserve  the  forests  in  order  to  conserve  the  flow  of 
the  streams,  surelv  it  can  not  be  less  a  Government  function  to 
execute  works  which  will  conserve  that  flow  even  more  positively  and 
directly.  Granting  all  that  can  be  said  of  forests  in  this  connection, 
they  certainly  can  never  prevent  the  June  rise,  and  it  is  precisely  this 
waste  flow  which  reservoirs  will  help  to  save.  The  forests  ought 
unquestionably  to  be  preserved,  and  the  Government  is  the  proper 
agency  to  do  it,  but  the  principal  arguments  therefor  apply  with 
accentuated  force  to  the  construction  of  reservoirs." 

No  one  familiar  with  the  conditions  in  the  West  would  question 
for  a  momeAt  the  proper  and  constitutional  connection  between  such 
works  of  river  improvement  as  we  are  now  building  and  reservoirs  to 
hold  back  the  waters  which  now  run  to  waste  in  floods.  This  can  be 
illustrated  by  what  the  Government  is  doing  on  the  Sacramento 
Hiver,  in  California.     That  river  is  a  navigable  river.     In  1849  and  i 

1850  ships  which  had  gone  around  the  Horn  sailed  up  the  Sacramento  | 

River  as  far  as  Marysville.  The  channel  of  the  river  has  been  flUed 
up  with  silt  and  debris  from  the  hydraulic  mines  until  flat-bottomed  | 

steamers  are  the  only  craft  which  can  navigate  it,  and  they  have 
much  difficulty  during  the  low  water  of  the  summer  season.  There 
are  two  seasons  of  flood  on  the  river,  one  during  the  winter  months, 
from  the  rains  in  the  mountains,  the  other  during  the  spring,  from 
the  melting  snows  of  the  Sierra  Nevada. 

The  National  Government  has  appropriated  and  is  now  expending 
several  hundred  thousands  of  dollars  in  the  attempt  to  control  the 
debris  problem  and  preserve  the  navigability  of  the  Sacramento  Biver. 
The  State  of  California  has  appropriated  a  like  amount,  and   the  . 

money  is  being  expended  under  the  joint  supervision  and  control  of  ' 

the  officers  of  the  State  and  National  Governments,  who  are  working 
together  in  the  most  perfect  accord  and  harmony. 

The  spring  flood  of  the  Sacramento  Biver  is  usually  the  most 
serious.    It  comes  very  near  to  the  tops  of  the  high  levees  that  protect  | 

the  Cities  of  Marysville  and  Sacramento,  and  on  the  western  side  of  j 

the  Sacramento  Valley  it  overflows  the  banks  of  the  river  and  broadens  I 

out  through  a  wide  shallow  channel  called  the  **  Trough,"  and  every 
year  overflows  and  practically  destroys  the  productiveness  of  many 
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thousands  of  acres  of  the  most  fertile  land  of  the  Sacramento  Valley.  Mr.  Maxwell 
Any  one  who  has  traveled  on  the  railroad  from  Sacramento  to  Wood- 
land during  one  of  the  spring  floods  of  the  Sacramento  River  will 
remember  the  inland  lake  which  is  caused  in  that  section  of  the 
countrv  bv  this  overflow. 

There  is  no  other  way  to  control  this  overflow,  and  control  the 
floods  which  will  otherwise  continue  to  bring  down  great  volumes  of 
silt  and  debris  and  fill  up  the  channel  of  the  river,  or  to  permanently 
preserve  the  navigability  of  the  Sacramento  Bivor,  except  for  the 
National  Gk>vemment  to  take  hold  of  the  problem  in  a  broad  and  com- 
prehensive way  and  build  great  storage  reservoirs  in  mountain  valleys 
and  in  the  basins  among  the  foot-hills  of  the  Upper  Sacramento 
Valley,  coupled  with  great  main -line  canals,  skirting  the  foot-hills,  on 
each  side  of  the  Sacramento  Valley,  through  which  these  flood  waters 
oan  be  drawn  ofi*  and  controlled. 

A  great  overflow  channel  with  well-defined  banks  could  be  con- 
structed through  what  is  now  called  the  *' Trough,"  so  as  to  confine 
the  water  within  fixed  boundaries  in  that  section.  This  artificial 
channel  through  the  ''Trough"  and  the  main-line  canal  on  the 
ipv^estem  side  of  the  valley  would  debouch  into  the  salt  marshes  of 
Suisun  Bay,  and  all  the  silt  and  debris  and  sediment,  instead  of  fiow- 
ing  down  the  river  channel  and  destroying  its  navigability,  could  be 
d.eposited  over  wide  areas  of  these  salt  marshes,  which  would  gpradually 
\>j  this  means  be  reclaimed  and  made  productive  for  agricultural  or 
grazing  purposes. 

The  cost  of  this  work,  of  course,  woald  be  great,  but  the  speaker 
believes  that  the  benefits  from  it  to  the  National  Qovemment,  in  pro- 
portion to  the  amount  expended,  would  be  as  great  or  greater  than 
those  from  any  other  public  work  of  this  character  ever  built  by  the 
Government.  The  cost  of  such  works  must  always  be  measured  by 
the  results.  The  Sacramento  Biver  Valley  is  one  of  the  richest  and 
most  fertile  regions  of  the  earth.  Climate  and  soil  have  there  com- 
bined, over  the  greater  part  of  the  valley,  to  create  every  condition 
necessary  for  the  support  of  a  dense  and  prosperous  population,  if  the 
problem  of  the  control  of  the  Sacramento  Biver  and  its  fioods  can  be 
solved. 

It  is  quite  true  that  the  lands  which  woidd  be  benefited  by  these 
works  would  not  be  public  lands,  any  more  than  were  the  lands  which 
were  benefited  and  protected  from  floods  by  the  Government  levees 
along  the  Mississippi  Biver.  The  conditions  on  the  two  rivers,  so  far 
as  the  relation  of  the  National  Govern ment  to  the  problem  is  con- 
cerned, are  very  similar.  The  benefits  to  the  National  Government 
would  be  indirect,  but  they  would  be  more  than  adequate  to  justify 
this  great  public  improvement. 

The  State  is  powerless  to  act  alone  in  the  matter,  because  the 
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Mr.  MaxweU.  Sacramento  Biyer,  being  a  navigable  stream,  is  nnder  the  control  of 
the  National  Groyemment.  But  there  is  no  donbt,  if  this  work  were 
to  be  undertaken  by  the  National  Goyemment,  that  the  State  would 
co-operate  with  it  and  bear  a  share  of  the  cost  of  the  works,  just  as 
it  is  now  bearing  one-half  the  cost  of  what  is  being  done  to  control 
the  debris  and  preserve  the  river  channel  bv  make-shift  methods. 

The  idea  of  a  large  main-line  canal  from  the  Sacramento  Biver, 
leaving  the  river  at  the  head  of  the  valley  and  skirting  the  foot-hills 
on  the  east,  is  not  a  new  one.  A  commission  of  able  engineers  was 
appointed  by  Oeneral  Grant,  in  1874,  to  investigate  the  irrigation 
resources  of  California,  and  the  map  published  with  their  report  shows 
such  a  proposed  main-line  canal,  extending  clear  down  to  the  lower 
end  of  the  San  Joaquin  Valley.  Such  a  canal  in  the  Sacramento  Valley 
would  serve  a  double  purpos?.  It  would  aid  in  controlling  the  floods 
of  the  river,  and  in  the  protection  of  its  channel,  and  water  from  the 
canal  could  also  be  used  for  the  irrigation  of  lands  in  the  valley. 
Instead  of  this  being  an  objection,  from  the  point  of  view  of  creating 
reservoir  capacity,  it  is  an  added  reason  for  the  use  of  the  water.  An 
irrigated  region  of  country,  when  it  becomes  saturated  with  water,  is 
in  fact  nothing  more  or  less  than  an  immense  reservoir.  The  water 
taken  out  in  the  canal  seeps  into  the  ground,  saturates  it  like  a  great 
sponge,  and  feeds  it  gradually  back  into  the  stream  or  river  below,  in 
the  summer  season,  at  the  time  when  the  water  is  most  needed  for 
navigation. 

The  amount  of  water  which  land  will  hold  in  suspension  may  be- 
illustrated  by  an  incident  in  the  Salt  Biver  Valley  in  Arizona.  Ex- 
periments, made  at  the  agricultural  experiment  station  there,  show 
that  in  sandy  soil  a  peach  orchard  absorbed  during  the  winter  months 
10  acre-feet  of  water,  which  soaked  down  into  the  ground  and  so 
saturated  it  that  the  orchard  needed  no  summer  irrigation.  The 
Tonto  Basin  Beservoir  on  Salt  Biver  is  one  of  the  largest  and  finest 
reservoir  sites  probably  in  the  world.  It  will  hold  approximately 
800  000  acre-feet  of  water;  and  yet  that  whole  800  000  acre-feet  of 
water  could  be  soaked  into  less  than  100  000  acres  of  the  lands  of  the 
Salt  Biver  Valley. 

The  remarkable  results  of  the  return  seepage  from  lands  saturated 
with  water  used  for  irrigation  are  shown  in  many  places  in  the  West. 
After  the  country  becomes  thoroughly  irrigated  there  is  a  return  seep- 
age into  the  stream,  and  this  establishes  a  permanent  summer  flow 
which  it  would  be  almost  impossible  to  secure  in  any  other  way. 

If,  therefore,  the  possibility  that  the  waters  stored  by  the  National 
Government  on  the  Sacramento  Biver  might  be  used  for  irrigation 
were  to  be  urged  as  an  argument  against  the  building  of  such  storage 
works,  such  an  argument  would  rest  upon  ignorance  of  the  conditions 
of  the  country  and  the  results  of  irrigating  lands.     Instead  of  de- 
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tracting  from  the  yalue  of  a  system  of  reservoirs  built  primarilv  for  Mr.  Maxwell. 
the  improvement  of  navigation,  and  to  regulate  the  flow  of  the  river 
and  preserve  its  channel,  the  use  of  the  water  for  irrigation  would 
improve  and  increase  the  efiectiveness  of  a  comprehensive  storage 
system  for  these  purposes  on  that  river. 

If  it  is  conceded,  as  all  do  now  concede,  that  the  Government  has 
the  power,  and  that  it  is  the  proper  fnnccion  of  the  National  Govern- 
meni  to  build  debris  dams,  to  dredge  the  channels,  to  excavate 
cnt-offs,  to  remove  snags,  to  straighten  channels,  and  to  do  the  many 
things  which  it  is  now  doing  in  its  efforts  to  preserve  the  navigability 
of  the  Sacramento  Biver,  surely  there  can  be  no  question  as  to  its 
power,  or  as  to  the  advisability  of  its  going  to  the  root  of  the  evil  and 
removing  its  cause,  by  building  a  comprehensive  storage  system, 
-which  would  in  fact  and  in  reality  accomplish  the  desired  end.  and 
vrhich  cannot  be  accomplished  by  present  methods.  And.  if  that  be 
BO,  the  speaker  cannot  see  how  it  can  be  seriously  argued  that  it  is  not 
a  proper  enlargement  of  the  policy  of  the  Federal  Government,  in  the 
regulation  of  rivers,  to  build  storage  reservoirs.  That  fact  being 
conceded,  then  the  whole  question  becomes  one  merely  of  advisability 
and  of  the  relation  between  cost  and  benefit. 

Now,  so  far  as  concerns  the  returns  to  the  Government,  for  money h 
expended  in  that  way,  the  proposition  must  be  looked  at  from  the 
broadest  point  of  view. 

Taking  the  whole  western  half  of  the  United  States  as  an  illustration : 

Ten  years  ago  the  census  showed  a  population  of  4  404  000  in 
the  western  half  of  the  United  States,  west  of  the  98th  meridian, 
and  in  the  eastern  half,  58  218  000.  The  census  of  1900  shows  a 
population  of  only  5  874  332  in  the  western  half  of  the  country,  and,  in 
the  eastern  half,  70  120  243. 

President  Roosevelt,  in  his  Message  to  Congress,  stated,  and  no 
one  can  gainsay  the  fact,  that: 

'*  The  western  half  of  the  United  States  would  sustain  a  population 
gpreater  than  that  of  our  whole  country  to-day  if  the  waters  that  now 
run  to  waste  were  saved  and  used  for  irrigation.  The  forest  and  water 
problems  are  perhaps  the  most  vital  internal  questions  of  the  United 
States. " 

If  the  broad  and  statesmanlike  recommendations  on  this  whole 

subject,  by  President  Roosevelt  in  his  Message  to  Congress,  are  wisely 

carried  out,  there  will  be  as  large  a  population  in  the  western  half  of 

the  United  States  in  less  than  fifty  years  from  to-day  as  there  is  to-day 

in  the  whole  country.     The  population  is  increasing  by  leaps  and 

bounds.     At  the  average  rate  of  increase  of  the  past,  the  population 

will  be  doubled,  and  there  will  be  more  than  150  000  000  people  in  this 

country  within  thirty  years.     And  no  less  a  person  than  Ex-Secretary 

Gage  stated,  a  few  months  ago,  in  a  public  address  at  Denver,  that 

there  would  be  a  population  of  190  000  000  people  within  fifty  years. 
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Mr..Maxweii.  Now,  what  revenues  coald  the  Government  get  from  75  000  000 
people  in  the  western  half  of  the  United  States?  The  people  cannot 
be  put  there  unless  the  recommendations  of  the  President's  Message 
are  carried  out.  If  those  recommendations  are  carried  ont,  they  can 
and  will  be  put  there.  Now  we  are  collecting,  and  have  collected,  in 
this  country  a  revenue  amounting  to  very  nearly  $10  per  capita  on  a 
population  of  75  000  000  people.  Suppose  75  000  000  people  are  put 
in  the  western  half  of  the  United  States,  by  carrying  out  a  wise  and 
comprehensive  national  policy  of  forestry  and  irrigation. 

The  National  Government  could  collect  from  them  in  one  year 
more  money  than  it  would  ever  be  called  upon  to  expend  for  the 
complete  carrying  out  of  the  whole  vast  undertaking  of  the  reclama- 
tion of  the  arid  region. 

There  is  a  point  which  generally  seems  to  be  lost  sight  of,  bnt 
which  should.always  be  borne  in  mind,  in  considering  the  question  of 
a  return  to  the  Government  from  water-storage  works  built  as  internal 
improvements  for  river  control,  where  the  cost  cannot  be  returned 
from  the  lands  reclaimed.  Wherever  a  new  population  is  created  a 
new  basis  for  national  revenues  is  created,  not  only  for  one  year  but 
for  all  time  to  come.  And  it  is  perfectly  safe  to  say  that  wherever 
the  Government  builds  such  works  as  are  proposed  in  the  Sacra- 
mento Valley  it  would  create  increased  commerce,  population  and 
wealth,  which,  directly  and  indirectly,  would  bring  into  the  treas- 
ury a  revenue,  and  this,  within  a  very  few  years  at  most,  would 
return  to  the  Treasury  the  entire  original  investment  of  the  Govern- 
ment. 
,  And  the  speaker  ventures  to  say  that  the  more  the  people  of  this 

country  study  this  problem  the  more  they  will  be  convinced  that  there 
is  no  expenditure  which  the  National  Government  could  make  which 
would  so  enlarge  its  national  resources,  and  build  up  everything  that 
goes  to  make  this  country  great,  as  the  storage  by  the  National  Gov- 
ernment of  the  great  floods  that  now  go  to  waste  in  these  western  rivers, 
carrying  death  and  destruction  with  them.  In  a  few  years  from  to-day 
it  will  be  hard  to  find  a  man  who  will  be  willing  to  confess  that  he 
ever  stood  up  and  objected  to  that  policy. 

The  question  as  to  storage  reservoirs  and  the  regulation  of  the 
floods  of  great  rivers  is  very  fully  covered  and  answered  in  the  Chit- 
tenden Report.  The  whole  subject  is  thoroughly  discussed.  That 
report,  being  the  engineering  point  of  view,  is  by  Captain  Chittenden, 
oue  of  the  best  engineers  in  the  United  States  Army.  The  speaker  is 
unable  to  point  to  any  locality  in  this  country  where  lands  have  been 
reclaimed  from  overflow  by  the  construction  of  storage  reservoirs  built 
for  that  purpose.  One  reason  for  that  has  been  that,  up  to  the  present 
time,  there  has  been  so  much  land  that  such  reclamation  was  not 
required.     But  with  80  000  000  people  in  this  country  to-day,  and  the 
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probability  that  the  population  will  double,  and  that  within  80  years  Mr.  Maxweii. 
there  will  be  80  000  000  more,  for  whom  homes  will  have  to  be  pro- 
vided, the  speaker  thinks  that  the  practicability  of  the  proposition  will 
V>e  demonstrated,  in  the  next  few  years,  as  it  has  already  been  proved 
theoretically  by  Captain  Chittenden. 

What  is  known  as  Tulare  Lake,  in  California,  has  been  practically 
reclaimed  by  irrigation,  because,  for  a  number  of  years,  the  water 
which  formerly  flowed  into  the  lake  has  been  diverted  by  canals  from 
its  original  channels,  and  used  for  irrigation.  The  bed  of  the  lake  is 
now  dry  and  is  good  agricultural  land.  At  one  time  it  was  a  large  lake. 
The  canal  systems,  of  course,  are  not  reservoirs,  in  the  exact  sense,  but 
they  serve  the  same  purpose  and  have  had  the  same  effect  upon  the 
lake  as  though  the  irrigation  systems  of  San  Joaquin  Valley  had  been 
reservoir  svstems. 

J.  James  R.  Ckobs,  Past-President,  Am.  Soc.  C.  E. — Before  com-  Mr.  Croea. 
luitting  this  Society  to  the  advocacy  of  the  undertaking  by  the 
United  States  Oovemment  of  a  scheme  of  public  improvements 
having  the  scope  and  magnitude  of  the  one  which  has  been  so 
forcibly  presented  by  the  previous  speakers,  definite  information 
should  be  had  on  a  few  points  which,  so  far,  have  not  been  clearly 
stated. 

Is  there  in  existence,  anywhere  in  the  world,  an  extended  area 
of  territory  which  at  some  past  time  was  subject  to  devastating 
freshets,  but  is  now  free  from  injury  from  this  cause,  in  conse- 
quence of  the  construction  of  storage  reservoirs  on  the  line  of  the 
streams? 

Is  there  any  well-recorded  instance  in  Europe  or  America  where  the 
construction  of  impounding  reservoirs  on  the  upper  waters  of  the  trib- 
utaries to  a  great  river  has  been  effective  in  reducing  and  regulating 
the  floods  on  the  line  of  the  main  stream? 

Is  there  anv  case  known  where  the  freshets  on  anv  stream  have 
been  prevented  or  materially  reduced  by  the  construction  and  main- 
tenance of  a  series  of  impounding  reservoirs  along  the  course  of  the 
stream? 

In  general,  is  the  proposed  policy  purely  theoretical,  or  has  it  been 
tested  by  actual  experience  on  a  considerable  scale? 

The  questions  suggested  seem  to  have  been  sufiiciently  answered. 
There  is  no  positive  evidence  that  lands  have  been  reclaimed  or  freshets 
prevented  along  the  line  of  rivers  by  the  means  which  it  is  proposed 
to  apply  in  this  case.  Until  attempts  have  been  made  on  a  moderate 
scale,  and  some  experience  gained  as  to  methods  of  procedure  and  re- 
sults, it  will  not  be  expedient  or  justifiable  for  this  Society  to  advo- 
cate the  undertaking  by  the  General  Government  of  works  which  must 
be  on  a  very  large  scale,  and  which  will  necessarily  be  purely  experi- 
mental, at  the  outset. 
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Mr.  Haupt.  L.  M.  Haupt,  M.  Am.  Soc.  0.  E.— Extending  the  discussion  a  little 
beyond  the  limits  of  this  country,  and  going  back  to  the  days  of 
Nebuchadnezzar,  we  find  a  record  of  a  pool  40  miles  square  for  the 
purpose  of  storing  the  waters  of  the  Upper  Euphrates,  which  was  a 
successful  work.  It  was  afterward  destroyed  by  Cyrus,  and  the 
country  became  a  wilderness.  Also,  the  pools  of  the  upper  Nile,  and 
the  lateral  basins  for  irrigation,  furnish  ample  illustrations  of  the  ability 
to  control  the  waters  of  the  stream.  In  regard  to  this  discussion,  the 
speaker  is  in  accord  with  the  views  already  expressed  on  the  subject. 
The  systems  in  India  and  in  Egypt  also  are  proofs  of  the  statements 
made  by  Mr.  Newell  in  regard  to  the  difficulty  of  maintaining  irriga- 
tion systems  at  private  expense  as  commercially  profitable.  Most  of 
them  have  proved  to  be  failures,  and  in  very  few  cases  in  this  country 
have  they  been  successful.  Therefore,  from  that  standpoint,  it  would 
seem  to  become  a  necessity  for  the  General  Government  to  reclaim  the 
arid  land  regions.  It  should  be  also  remembered  that  the  emigrants 
who  go  into  these  new  sections  are  very  poor  people,  and  have  not  the 
means  or  the  concentration  of  capital  for  making  public  improve- 
ments, and,  consequently,  are  unable  to  do  so.  Therefore,  it  becomes 
a  question  of  public  policy  and  expediency  rather  than  one  of  ability 
to  carry  out  those  works.  Just  before  the  opening  of  the  Northern 
Pacific  Bailroad  an  effort  was  made  by  Herman  Clarke  and  others  to 
organize  a  large  syndicate  for  the  improvement  of  the  Upper  Yellow- 
stone District,  but  it  failed.  In  these  works,  therefore,  it  would 
seem  to  be  proper  for  the  Grovernment  to  take  charge,  not  only  for 
its  own  sake,  and  for  the  control  and  irrigation  of  its  own  public  do- 
main, but  for  the  relief  of  navigation  and  the  storage  of  a  supply  for 
its  rivers. 

Mr.  Darrach,  Chables  G.  Darbach,  M.  Am.  Soc.  C.  E. — Upon  this  subject,  there 
is  room  for  considerable  discussion.  In  the  speaker's  opinion,  such 
work  can  only  be  properly  executed  upon  a  large  scale,  which  in- 
volves one  of  two  methods:  First,  that  by  the  National  Government, 
as  suggested;  or,  second,  by  some  great  trust. 

Of  the  two  evils,  the  speaker  prefers  the  National  Government. 
Although  it  might  not  be  done  as  well,  the  question  of  politics  being 
involved,  at  least  the  general  public  would  have  the  opportunity  of 
selecting  their  own  physician. 
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Geoboe  a.  Sofeb,  Assoc.  M.  Am.  Soc.  G.  E. — The  question  as  to  Mr.  Soper. 
whether  the  practice  of  the  members  of  this  Society  shall  be  regulated 
by  a  set  of  rules  or  standards  of  action,  is  not  novel.  The  desirability 
of  having  a  code  of  precepts  for  the  guidance  and  control  of  careless 
or  indifferent  engineers,  who  may  be  over-strenuous  in  seeking  employ- 
ment, or  willing  to  accept  services  which  are  incompatible  with  the 
dignity  of  the  profession,  is  a  perennial  subject  of  discussion. 

There  are  members  of  this  Society  who  consider  that  the  vocation 
of  civil  engineer  is  less  remunerative  and  desirable  than  it  need  be, 

*The  discussion  of  this  subject,  for  which  no  formal  paper  was  presented,  is  printed 
in  Froceedings  in  order  that  the  views  expressed  may  be  Drou(?ht  before  all  members  of 
the  Society  for  further  discussion  (see  Rules  for  publication,  Proceedings^  Vol.  xxv, 
p.  71). 

Communications  on  this  subject  receired  prior  to  September  Mth,  1902,  will  be  pub- 
lished subsequently. 
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Mr.  8oper.  and  tliat  the  way  for  engineers  to  improve  their  status  is  to  form 
themselyes  into  a  more  homogeneous  moral  whole.  In  this  era  of  great 
industrial  development  we  have  dailj  reminders  of  the  strength  that 
lies  in  union.  Everywhere  we  see  harmonious  working  agreements 
based  on  the  community -of-interests  idea,  the  object  in  all  cases  being 
to  reduce  the  inevitable  friction  which  comes  from  many  independent 
units  working  at  cross  purposes  in  the  same  field,  and  to  reap  the 
benefits  which  result  from  harmonized  and  co-ordinated  action.  From 
the  great  steel  and  steamship  combinations  down  to  the  unions  of 
laboring  men,  the  utility  of  a  close  organization,  bound  by  what  may 
be  called  a  code  of  ethics,  is  appreciated. 

There  is  nothing  new  or  formidable  tfbout  the  idea  of  a  code  of 
ethics,  any  more  than  there  is  about  a  list  of  by-laws  of  which,  in  the 
case  of  the  Society,  the  code  might  very  possibly  b^ome  a  part. 
Moral  codes  were  old  in  the  time  of  Moses,  and  have  been  indispens- 
able ever  since.  George  Washington  had  a  reference  guide  of  action, 
and  Franklin,  a  chart  of  conduct.  In  a  broad  sense,  the  Constitution 
of  the  Union  is  a  code  of  ethics,  as  are  the  various  public  laws  and 
ordinances  under  which  we  live. 

In  a  narrower  sense,  and  the  one  in  which  we  must  nse  it  here, 
ethics  is  the  subject  which  treats  of  those  moral  acts  which,  thongh 
they  cannot  make  us  liable  to  bodily  restraint,  are  capable  of  exercis- 
ing a  powerful  influence  for  the  good  or  ill  of  our  fellow  man. 

It  would  be  the  object  of  a  code  of  ethics  to  express  the  united 
voice  of  the  Society  upon  such  points  as  the  following: 

1. — To  what  extent  and  in  what  ways  may  an  engineer  advertise 
his  services? 

2. — Under  what  circumstances  is  the  owning  and  exploitation  of 
patents  consistent  with  a  strictly  professional  practice? 

3. — What  general  principles  should  govern  the  conduct  of  consult- 
ing engineers  toward  other  engineers  engaged  upon  work? 

4. — Under  what  circumstances  should  an  engineer  pass  judgment 
on  the  work  of  his  professional  brethren? 

5. — To  what  extent  should  the  circumstances  of  an  engineer's 
private  life  be  allowed  to  interfere  with  his  professional  standing? 

6. — Is  it  practicable  or  advisable  that  the  Society  should  attempt 
to  expose  quacks? 

7.— What  acts,  if  any,  should  make  an  engineer  liable  to  the  censure 
of  the  Society. 

If  we  consider  that  every  man  is  a  man  of  principle,  that  is,  has 
definite  ideas  as  to  the  moral  consequences  of  his  acts,  and  decides 
upon  a  doubtful  course  of  action  only  after  referring  the  matter  to  his 
conscience,  we  will  see  that  he  has  a  code  of  ethics,  or  moral  standards, 
whether  or  not  they  happen  to  be  written  down.  In  the  same  way 
this  Society,  as  an  aggregation  of  moral  and  responsible  men,  has  an 
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nn written  code  of  engineering  etiquette.  The  main  principles  are  Mr.  Soper. 
known  to  all.  The  finer  points,  the  nicer  discriminations,  are  chiefly 
in  the  keeping  of  the  older  members.  The  majority  of  the  young  men 
are  constantly  improving  their  professional  sensibility  through  expe- 
rience, and  rectifying  their  courses  of  conduct  by  the  moral  pattern 
set  by  the  great  chiefs.  Here  and  there,  there  are  exceptions ;  men 
wh.o  appear  indifferent  to  their  status,  or,  like  raw  recruits,  are  unable 
to  discern,  without  help,  what  is  expected  of  them. 

The  argument  for  a  written  code  is  the  argument  that  the  moral 
teachings  of  the  pillars  of  the  profession  should  be  crystallized  into 
such  form  as  to  be  available  and  accessible  to  all,  down  to  the  last 
recruit.  The  argument  against,  expresses  the  opinion  that  the  recruit 
should  be  left  to  find  out  for  himself  what  is  good  and  what  is  bad  for 
hixn  and  his  fellows. 

As  the  one  who  has  been  asked  to  open  this  discussion,  the  speaker 
cannot  announce  himself  as  a  warm  partisan  of  either  side.  He  has 
felt  the  need  of  knowledge  of  the  ethics  of  the  profession,  and  has 
set  out  to  get  it  after  the  usual  fashion.  He  has  been  an  observer  of 
courses  of  action  on  the  part  of  some  which  he  thought  should  not  pass 
without  the  censure  of  a  united  engineering  fraternity,  and  he  has 
seen  worthy  members  of  another  profession  advance  through  a  co- 
operation and  support  of  their  fellows  which  would  be  impossible 
with  us  under  present  circumstances. 

If  there  is  need  of  a  written  code  of  ethics  in  the  American  Societv 
of  Civil  Engineers,  that  need  should  make  itself  felt  naturally  and 
spontaneously.  A  code,  based  on  less  than  a  practically  unanimous 
vote  of  approval,  would  be  difficult  to  introduce,  and,  in  the  end, 
might  prove  more  of  an  incumbrance  than  a  help.  But,  backed  by  a 
solid  sentiment,  a  code  should  be  a  benefit. 

It  may  be  well  to  remind  the  members  of  some  of  the  circumstances 
under  which  the  question  of  a  code  of  ethics  was  discussed  in  the 
Society  some  years  ago. 

The  question  of  adopting  a  code  came  up  for  consideration  at  the 
Annual  Meeting  of  the  Society,  held  on  January  18th,  1893.  It  was 
suggested  that  a  special  committee  be  appointed  to  consider  the  pro- 
priety of  adopting  a  code,  and,  if  a  code  was  found  desirable,  to  pre- 
pare one  for  the  consideration  of  the  Society.  The  matter  was  referred 
t-o  the  Board  of  Direction  with  the  request  that  a  definite  recommenda- 
tion be  made  by  the  Board  to  the  Society  at  its  next  Annual  Convention. 
The  Board  considered  the  matter  carefully,  and  published  a  coUation 
of  arguments  for  and  against  the  step.  Finally,  at  the  Annual 
Convention  held  at  Chicago,  in  August,  18i>3,  the  Board  advised  that 
no  committee  be  appointed  to  consider  the  question  of  a  code.  The 
subject  was  actively  discussed  by  the  members  present  at  the  conven- 
tion, and  the  point  was  raised  that  so  important  a  question  should  be 


606  DISCUSSIOK  ON  A  CODB  OF  ETHICS.  [Papen. 

Mr.  Soper.  decided  by  a  vote  of  the  whole  Society  through  a  letter-ballot.  A  vote 
as  to  whether  a  letter-ballot  should  be  called  for  on  this  subject  was 
decided  in  the  negative. 

If  the  members  feel  differently  to-day  than  they  did  in  1893,  a  prac- 
ticable course  of  action  seems  clear.  A  motion  can  be  made  to  the  effect 
that  it  is  the  sense  of  this  meeting  that  a  letter-ballot  be  issued  to 
determine  whether  a  committee  should  be  formed  to  consider  the  advis- 
ability of  drawing  up  a  code  of  ethics  for  the  Society,  said  committee 
to  be  empowered  and  charged  with  the  duty  of  drawing  up  and  sub- 
mitting to  the  Society  such  a  code,  if  their  decision  is  in  the  affirmative. 

It  is  to  be  clearly  understood  that  this  would  not  commit  the 
Society  to  a  code  of  ethics,  but  would  make  possible  a  careful  and 
official  study  of  the  subject,  the  results  of  which  would  be  placed 
before  the  whole  Society  for  its  action. 


The  following  is  an  abstract  from  the  Proceedings,  Am.  Soc.  G.  E.^ 
Vol.  XIX,  January-December,  1893,  pages  123-130. 

'*  Pbofosed  Godb  of  Ethics. 

'*  At  the  Annual  Meeting,  January  18th,  1893,  the  following  resolu- 
tion was  presented: 

*'  <  Resolved,  That  a  special  committee  be  appointed  to  collect  infor- 
mation and  to  consider  tne  propriety  of  the  adoption  by  the  Society  of 
a  code  of  ethics  for  the  profession,  and  to  make  such  other  recommen- 
dation as  the  committee  thinks  proper.  * 

*  *  This  resolution  was  declared  to  be  subject  to  the  provisions  of 
Saction  13,  Article  YI,  of  the  Constitution,  and  was,  under  those  pro- 
visions, referred  to  the  Board  of  Direction. 

*'  The  duty  of  the  Board  in  such  a  case  is  declared  by  the  Consti- 
tution as  follows: 

*^  *The  Board  shall  consider  the  resolution  and  report  its  recom- 
mendations to  the  Society  at  the  next  general  business  meeting, 
together  with  a  statement  of  the  arguments  for  and  against  the 
appointment  of  such  committee. '  " 


**It  is  clear  that  the  Constitution  (Article  YI,  Section  13)  makes  it 
a  little  difficult  to  appoint  a  special  committee,  and  requires  a  large 
approval  of  the  Society  to  appoint  a  committee  to  act  on  any  such 
subject.  The  Chair  will  assume  that  most  of  the  members  have  read, 
or  glanced  at,  the  arguments  prepared  by  the  Board  of  Direction. 
The  recommendation  of  the  Board  is  on  the  last  page. 

<*  Is  the  meeting  ready  to  take  a  vote  on  this  question,  or  are  any 
gentlemen  desirous  of  speaking  on  the  subject  which  is  noV  before 
you  for  consideration? 

**  J.  B.  Johnson,  M.  Am.  Soc.  C.  E. — These  papers,  Mr.  President, 
have  just  this  moment  been  handed  us,  and  every  one  has  not  had 
time  to  read  them. 

**The  Pbbsident. — If  it  is  desirable  to  discuss  the  question,  the 
Chair  will  read  over  the  recommendations,  pro  and  con,  of  the  Board, 
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and  it  can  be  taken  up.    It  should  have  proper  and  careful  con-  Mr.  Soper. 
sideration. 

*'  Mr.  Johnson. — Gould  this  matter  come  up  at  the  next  session, 
Friday  evening? 

*'  The  Pbbsident. — No,  sir;  it  is  to  be  settled  by  a  vote,  requiring 
*  a  two-thirds  vote  of  all  the  members  present.*  That  vote  must  be 
taken  this  evening.  Perhaps  it  will  take  very  little  time;  it  wil]  be 
just  as  well  to  read  the  recommendations  of  the  Board. 

"  (Read  the  report  as  follows): 

"*The  Board  of  Direction  herewith  presents  a  statement  of  the 
arguments  for  and  against  the  appointment  of  such  committee  to  the 
^Business  Meeting  of  the  Annual  Convention. 

' ' '  Abguments  fob  the  Adoption  of  the  Pboposed  Besolution. 

*'  *1.  The  resolution  is  for  the  appointment  of  a  special  committee 
of  this  Society,  to  collect  information  and  to  consider  the  propriety  of 
the  adoption  of  a  code  of  ethics,  and  to  make  such  other  recom- 
mendation as  the  committee  thinks  proper.  This  does  not  commit 
the  Society  to  the  adoption  of  a  code  of  ethics,  but  simply  proposes 
the  appointment  of  a  committee  on  this  general  subject.  There 
should  be  no  objection  to  the  appointment  of  a  carefully  selected 
committee  to  consider  the  subject,  and  the  members  of  the  Society 
'will  certainly  have  larger  information  and  be  in  a  better  position  to 
determine  as  to  the  propriety  or  impropriety  of  the  adoption  of  a  code 
of  ethics  after  the  report  of  such  a  committee  than  without  such 
report,  the  subject  never  having  been  carefully  considered  or  pre- 
sented as  a  Societv  matter. 

***2.  The  difference  of  opinion  on  this  general  subject  which 
evidently  exists  among  engineers  is  a  good  reason  for  the  appointment 
of  the  proposed  committee,  so  that  the  subject  may  be  presented  for 
further  consideration  and  discussion  in  a  clear  and  definite  shape. 

'*  '3.  There  seems  to  be  some  question  as  to  whether  civU  engi- 
neering may  properly  be  called  a  profession.  A  clear  statement  of 
what  the  word  means  is  given  by  the  'Century  Dictionary,*  which 
defines  a  profession  to  be : 

<<  *  The  calling  or  occupation  which  one  professes  to  understand 
and  to  follow;  vocation;  specifically  a  vocation  in  which  a  professed 
knowledge  of  some  department  of  science  or  learning  is  used  by  its 
practical  application  to  afi'airs  of  others,  either  in  advising,  guiding 
or  teaching  them,  or  in  serving  their  interest  or  welfare  in  the  practice 
of  an  art  founded  in  it.*  The  same  authority  adds:  'Formerly, 
theology,  law  and  medicine  were  specifically  known  as  tlie  professions; 
but  as  the  applications  of  science  and  learning  are  extended  to  other 
departments  of  affairs,  other  vocations  also  receive  the  name.  The 
word  implies  professed  attainments  in  special  knowledge,  as  distin- 
guished from  mere  skill;  a  practical  dealing  with  affairs  as  dis- 
tinguished from  mere  study  or  investigation;  and  an  application  of 
such  knowledge  to  uses  for  others,  as  a  vocation,  as  distinguished 
from  its  pursuit  for  one's  own  purposes.  In  professions  strictly  so 
called  a  preliminary  examination  as  to  qualifications  is  usually 
demanded  by  law  or  usage  and  a  license  or  other  official  authority 
founded  theI^eon  required.* 

'< '  This  definition  seems  very  clearly  to  applv  to  the  actual  facts  of 
the  practice  of  civil  engineering.  Men  who  have  any  right  to  be 
called  civil  engineers,  and  who  have  any  right  to  be  corporate  mem- 
bers of  this  Society,  do  have  a  vocation  in  which  a  professed  knowl- 
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Mr.  Soper.  edge  of  some  department  of  science  or  learning  is  used  in  practical 
application  to  the  affairs  of  others.  If  the  proposed  committee  find» 
it  desirable  it  would  doubtless  recommend  some  means  of  carrying 
out  or  of  enforcing  regulations  for  such  of  the  relations  of  engineers 
to  their  clients  and  to  each  other  as  could  at  all  be  made  subject  to 
rules.  At  all  events,  it  is  desirable  that  the  committee  should  study 
this  subject  and  report  to  the  Society. 

'*  '4.  Rules  do  exist  which  govern  the  relations,  to  each  other  and 
to  the  public,  of  men  following  other  professions  or  vocations  in  which 
there  are  associations  of  the  members  of  such  profession  or  vocation 
in  some  respect  similar  to  this  Society.  This  applies,  not  only  to 
the  old  so-called  professions,  but  to  other  vocations.  The  dealers  in 
stocks  are  subject  to  clear  and  definite  rules,  formulated  and  enforced 
through  their  exchanges.  The  deah  rs  in  produce  are  also  subject  to 
rules  through  their  exchanges,  and  this  is  the  case  in  other  vocations. 

** '  5.  It  will  be  well  to  appoint  a  committee  to  consider  whether  the 
dignity  of  civil  engineering  and  the  relations  of  members  to  them- 
selves and  to  the  public  might  not  be  improved  by  the  application  of 
rules  of  ethics  or  of  conduct  to  be  adopted  by  this  Society,  as  a  repre- 
sentative bodv. 

**  *  6.  It  seems  to  be  a  fact  that  civil  engineers  do  permit  themselves 
in  some  few  instances  to  act  in  ways  which  in  other  professions  or 
vocations  would  be  generally  considered  improper  and  unprofessional 
acts.  Such  acts  are  contrary  to  the  rules  of  etiquette  which  have 
become  standard  in  those  professions.  The  appointment  of  a  com- 
mittee to  see  whether  this  can  in  any  way  be  remedied  as  regards  civil 
engineers  is  desirable. 

*  *  *  7.  The  lack  of  rules  by  which  departures  from  the  proper  line 
and  professional  line  of  conduct  can  be  judged  affords  excuses  for 
unprofessional  conduct  when  such  conduct  is  based  upon  ignorance 
of,  or  indifference  to,  professional  morals.  The  adoption  of  rules 
and  principles  governing  the  relations  of  engineers  to  each  other 
and  to  their  clients  would  restrain  the  unprincipled  and  guide  the 
ignorant. 

''  *  8.  The  fact  that  many  engineers  are  engaged  in  salaried  positions 
should  be  an  argument  in  favor  of,  rather  than  against,  the  appoint- 
ment of  a  committee  to  consider  the  possibility  of  a  code  which  would 
add  to  the  dignity  of  the  profession.  Those  who  require  the  services 
of  engineers  are  apt  to  base  their  appreciation  and  estimate  the  value 
of  those  services  upon  the  standing  which  the  engineer  himself  takes. 
It  is  inconsistent  with  the  function  of  this  Society  to  depreciate 
engineering.  It  is  its  duty  to  endeavor  to  elevate  it  in  every  relation, 
and  the  appointment  of  the  proposed  committee  will  be  a  step  in  this 
direction. 

**  *  Abouments  Against. 

^' '  It  is  held  that  one  may  just  as  well  assert  that  the  other  great 
professions  are  great  in  spite  of  their  codes  as  because  of  them. 
Neither  assertion  can  be  proved.  It  seems  to  be  a  fact,  however,  that 
the  lawyers  have  no  formal  code.  Their  rules  of  conduct  are  partly 
matters  of  tradition  and  partly  of  interpret ation  and  construction,  by 
various  authoritative  bodies,  and  form  a  valuable  mass  of  professional 
ethics,  but  they  have  not  been  codified  and  adopted  by  the  great  Bar 
associations  in  the  United  States. 

"  *  Furthermore,  one  of  the  most  important  medical  societies  of  the 
United  States,  the  Medical  Society  of  the  State  of  New  York,  has  voted 
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to  abandon  its  code  of  ethicB.  The  fundamental  reason  for  this  Mr.  Soper, 
action  is  summed  up  in  these  words  of  the  president  of  that  society: 
**  It  would  comport  more  with  the  dignity  of  the  medical  profession, 
and  would  enhance  the  respect  in  which  it  is  held  by  the  general  pub- 
lic, if  all  specific  rules  of  ethical  conduct  were  elided  from  the  by-laws 
of  the  State  Medical  Society,  and  if  the  regulation  of  such  matters 
were  hereafter  left  to  the  judgment  of  individual  practitioners  influ- 
enced by  the  well-known  consensus  of  professional  opinion  and  by 
local  custom." 

"  'It  is  believed  that  the  architects  also  are  without  a  formulated 
and  accepted  code  of  ethics.  So  we  see  that  the  professions  are  either 
without  codes  or  are  beginning  to  abandon  them.  The  rules  govern- 
ing the  transactions  of  the  stock  and  produce  exchanges  are  not 
analogous  to  what  is  understood  by  a  code  of  professional  ethics;  they 
provide  simply  for  the  carrying  out  of  specific  contracts,  many  of 
wliich  are  not  enforcible  by  law,  but  the  carrying  out  of  which  is  vital 
to  the  existence  ol  the  business  of  the  exchanges. 

"  '  It  is  held  that  it  is  impossible  to  frame  a  code  of  ethics  that  would 
cover  all  cases.  Such  a  code  would  be  too  complicated  and  minute  to 
loe  successfully  administered.  The  code,  therefore,  must  be  merely  a 
statement  of  general  principles;  but  such  statements  have  been  made 
bv  moral  teachers  ever  since  society  began,  and  the  general  princi- 
ples which  govern  human  conduct  are  sufficiently  well  formulated 
already. 

*' '  A  strict  code  would  restrain  those  who  need  no  restraint,  but  it 
-would  not  be  regarded  by  the  unprincipled  further  than  their  own 
interests  dictated.  It  would  happen  sometimes,  perhaps  often,  that 
an  engineer  would  be  deterred  from  doing  his  duty  to  his  client  or  to 
liimself  by  a  timid  obedience  to  the  code,  or  that  he  would  make  the 
code  an  excuse  for  not  doing  disagreeable  things  which  reflected  upon 
the  honor  or  capacity  of  other  engineers. 

"  *It'is  held  that  specific  cases  of  violation  of  the  traditions  and 
spirit  of  the  profession  should  be  treated  individually,  each  on  its 
merits,  and  that  this  can  be  done,  so  far  as  the  American  Society  of 
Civil  Engineers  is  concerned,  by  presenting  the  case  to  the  Board  of 
Direction,  or  that  a  special  body  or  committee  can  be  created  in  the 
Society  to  perform  this  special  function. 


***The  Board  of  Direction  recommends  to  the  Society  that  no 
such  committee  be  appointed. 
•*  *  By  order  of  the  Board. 

**  *  F.  CoiiLINGWOOD, 

*'*  Secretari/.'*' 
**The  Pkbsident. — The  subject  is  now  before  you  for  discussion ; 
what  shall  be  done? 

*' MAJHswmLD  Mebbiman,  M.  Am.  Soc.  C.  E. — As  I  understand  the 
matter,  the  resolution  that  a  special  committee  be  appointed  was  pre- 
sented at  the  Annual  Meeting  of  the  Society  in  January.  I  also  under- 
stand that  this  business  meeting  has  no  power  to  act  upon  that 
resolution,  that  such  a  committee  can  only  be  appointed,  that  such  a 
resolution  can  only  be  adopted,  by  the  result  of  a  letter  ballot  sent  out 
to  all  the  members  of  the  Society,  and  that  the  question  really  before 
this  meeting  is  whether  such  a  letter  ballot  should  be  issued  or  not. 
Is  that  the  question? 
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Mr.  Soper.        '*  The  PRESIDENT. — The  Chair  will  read  the  clause  of  the  Constitu- 
tion again,  for  the  information  of  the  members. 

"  (Read  *  The  Board  of  Direction  shalJ,'  etc.) 

**  The  gentleman  will  see  that  the  business  is  ini  the  hands  of  this 
meeting  and  must  be  disposed  of,  under  the  Constitution. 

<*  Mr.  Mebbiman. — I  think  I  am  correct,  then,  in  the  idea  that  the 
whole  question  before  this  meeting  is,  shall  the  letter  ballot  be  issued? 

**  Mendeb  Cohen,  Past  President,  Am.  Soc.  C.  E.~The  only  motion 
that  is  proper  to  be  offered,  under  the  Constitution,  is  a  motion  from 
some  corporate  member  present  that  such  letter  ballot  shall  be  issued. 
If  there  be  no  such  motion  made,  the  matter  rests  just  where  it  is  now;  if 
there  be  such  a  motion  made,  under  the  Constitution,  the  question  then 
comes  before  the  Society  in  this  meeting,  and  individual  arguments 
can  be  heard  for  and  against  it,  and  then  a  vote  upon  the  question 
must  find  two-thirds  of  the  corporate  members  present  in  the  affirma- 
tive before  such  action  can  be  taken.  It  is  only  if  somebody  here  will 
make  the  motion. 

'*Tbe  President. — That  statement  is  perfectly  correct  and  in 
accord  with  what  the  Chair  stated. 

**  Mr.  Mebrihan. — I  move  that  it  is  the  sense  of  this  meeting  that 
a  letter  ballot  shall  be  issued.     (Seconded.) 

**  The  President. — It  is  moved  and  seconded  that  it  is  the  sense  of 
this  meeting  that  a  letter  ballot  shall  be  issued  on  the  subject;  the 
matter  is  now  before  the  members  for  discussion. 

'*  G.  Kaufman,  M.  Am.  Soc.  C.  E. — As  this  is  a  question  of  interest 
to  all  members  of  the  Society,  I  don't  think  that  a  small  meeting  like 
this  should  vote  this  motion  down;  it  would  be  better  to  have  sdl  the 
members  vote  upon  this  question. 

**  John  C.  Trautwine,  Jr.,  Assoc.  Am.  Soc.  C-  E. — Mr.  Chairman, 
the  arguments  against  are  directed  simply  against  the  propriety  of  a 
code  of  ethics,  not  the  appointment  of  a  committee.  The  first  argu- 
ment in  favor  of  the  resolution  points  out  that  all  that  is  asked  is  the 
appointment  of  the  committee.  The  arguments  against  seem  to  be 
directed  against  the  adoption  of  a  code,  not  the  appointment  of  a 
committee. 

**The  President. — There  certainly  could  be  no  objection  to  the 
appointment  of  a  committee  if  there  were  no  objection  to  the  work  the 
committee  was  to  do.  Are  there  any  further  remarks  to  be  offered  on 
the  motion? 

**  Robert  Moore,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  wish  to 
express  my  hope  that  the  Society  will  not  take  any  steps  looking  to 
legislation  of  this  kind.  I  think  that  the  conduct  of  members  of  the 
Society  can  fairly  be  left  to  their  intelligence  and  their  intention  to  do 
right,  and  I  do  not  think  that  we  should  be  put  in  the  leading  strings  of 
legislation  of  this  Society  in  that  matter.  I  think  the  arguments  in 
the  negative  of  this  question  are  sound,  and  I  hope  that  no  steps  will 
be  taken  to  inaugurate  a  hard  and  fast  code  of  ethics  such  as  seems  to 
be  contemplated  by  the  proposition. 

**  Mr.  Cohen. — ^I  would  add  but  one  word  to  what  has  already  been 
said  upon  the  subject.  It  appears  to  me  that  these  codes  of  ethics,  of 
which  we  hear  so  much  and  see  so  little — if  you  inquire  you  can 
scarcely  find  a  written  code  of  ethics,  we  do  not  see  it  in  other  associa- 
tions — that  a  code  of  ethics  must  be  governed  b;y  and  formulated  upon 
the  good  sense,  good  breeding  and  general  comity  of  man  to  man. 
Now,  as  has  been  st-ated  in  this  argument,  such  government  will 
obtain— it  has  obtained  and  will  obtain — among  men  of  experience  in 
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the  profession,  men  who  are  trained,  men  who  are  educated;  and  when,  Mr.  Soper. 
here  and  there,  jou  will  find  an  exception,  some  erratic  course  will  be 
taken,  it  will  be  much  easier  to  regulate  that  within  the  Society  if  an 
extreme  case  arise,  than  to  refer  it  to  book.  Ten  to  one  there  will  be 
no  case  provided  in  the  book,  and  then  you  have  to  go  back  to  the 
Society  in  the  end. 

*'  The  only  objection  to  the  appointment  of  a  committee  to  consider 
such  a  question  is  that  it  is  dangerous  to  the  Society  to  present  to  the 
committee  such  an  argument  and  stir  up  a  matter  within  the  Society 
which,  at  best,  can  do  no  good  to  the  Society  and  which  may  result  in 
injury.  I  have  no  idea  myself  that  even  if  such  committee  be  appointed 
and  it  discuss  the  subject,  and  a  letter  ballot  be  issued,  I  have  no  idea 
that  the  Society  would  deliberately  adopt  such  a  course.  If  the  view 
that  I  hold,  and  that  I  think  a  great  many  hold,  is  correct,  then  for 
the  Society  to  adopt  such  a  thing  would  be  dangerous;  it  is  a  great 
deal  better  that  it  be  not  adopted  and  not  considered. 

"A.  FTEiiET,  M.  Am.  Soc.  C.  E. — ^As  an  engineer  of  25  years'  stand- 
ing in  this  country,  1  have  been  called  upon,  not  only  to  perform  regu 
lar  duties,  but  I  have  very  often  been  cal'ed  to  consult,  alone  or 
with  others,  on  matters  of  importance;  I  have  therefore  had  a  great 
many  experiences  of  various  kinds.  I  have  found  in  my  case  and  in 
the  case  of  others  that  a  great  many  occasions  arose  in  which  the 
conduct  of  eogineers  was  questioned.  I  have  known  of  such  cases 
where  there  was  not  the  sbghtest  reason  for  it.  Those  questions  will 
arise,  especially  as  to  the  relations  of  engineers  and  contractors;  we 
know  how  much  antagonism  may  arise.  I  have  been  a  member  of  the 
Board  a  great  many  times.  I  have  seen  cases  where  the  reception  of  a 
candidate  into  the  Society  has  been  fought  by  means  fair  and  unfair. 
Sitting  in  the  Board,  I  have  seen  our  Secretary'presenting  to  the  Board 
stacks  of  letters  against  the  reception  of  members  simply  because  they 
have  done  certain  things.  Nine  times  out  of  ten  we  have  found  that 
such  statements  were  made  by  interested  parties  who  had  an  axe  to 
grind,  or  who  were  taking  their  revenge  upon  somebody.  It  seems  to 
me  that  if  we  submit  a  case  like  this  to  a  code  of  ethics,  in  many  cases 
the  book  will  say  nothing.  We  have  duties  to  perform,  and  I  suppose 
a  great  many  of  us  try  to  perform  them  as  well  as  we  can.  It  seems 
to  me  that  in  cases  of  that  kind  a  man  must  fearlessly  follow  the  line 
of  duty  he  believes  he  has  to  follow  and  let  him  staud  by  it  or  fall  by 
it.  It  may  happen  once  in  a  long  while  that  a  man  may  suffer  unjustly, 
but  in  99  cases  out  of  100  the  man  who  is  worthv,  even  though  he  has 
been  attacked,  will  in  the  end  triumph  because  he  is  a  good  man. 

**  I  am  very  proud  of  our  profession.  I  know  one  thing  by  my  ex- 
perience in  public  works,  and  it  is  this :  If  an  action  has  to  be  passed 
by  certain  authorities  outside  of  engineering,  I  find  that  there  must  be 
the  signature  of  this  one  and  of  that  one  before  action  can  be  taken; 
while  we  engineers  generally  put  our  signatures  to  very  large  sums, 
and  it  means  simply  that  the  money  will  be  paid  without  question. 
Consequently,  why  snould  we  submit  engineers  who  have  such  a  high 
standing  in  the  community  to  rules  which  will  simply  narrow  the 
limits  within  which  we  are  working.  I  believe  it  is  an  injustice;  1 
believe  it  is  an  injury  to  our  profession  to  try  to  bring  us  within  such 
limits  as  this  resolution  contemplates. 

**The  professions  of  the  law,  of  theology,  of  medicine,  have  been 
mentioned.  The  gentlemen  who  belong  to  these  professions,  before 
they  can  practice,  have  to  be  accepted  by  certain  authorities.  We 
are  not   in   the  line  of   these   conditions;    we   have  a  great  many 
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Mr.  Soper.  worthy  men  who  have  simply  put  their  shingles  out,  and,  in  many 
cases,  have  made  a  success  of  it.  Our  profession  cannot  be  compared 
to  other  professions.  So  far  as  I  am  concerned,  I  believe  that  this 
resolution  is  one  that  is  likely  to  disturb  the  even  tenor  of  our 
ways,  and  I  emphatically  say  that  we  ought  not  to  consider  the  idea  of 
having  a  committee  appointed  for  the  purpose  mentioned.  (Question 
called  for.) 

**  The  Pbesident.— Corporate  members  only  can  vote.  Understand, 
the  question  is,  shall  a  letter  ballot  issue,  or  shall  it  not?  A  vote  in 
the  affirmative  means  that  the  Board  shall  ask  the  Society  to  vote 
on  the  appointment  of  a  committee.  A  vote  in  the  negative  means 
that  the  whole  matter  is  dropped  here  bv  the  Convention.  Those 
in  favor  of  the  issue  of  a  letter  ballot  will  please  rise  to  their  feet.  (11 
arose. ) 

''AH  opposed  will  please  rise  to  their  feet.     (54  arose.) 
*'  Eleven  in   the  affirmative;    54  in  the  negative;  the   motion   is 
lost. "  

Mr.  OckersoD.  J.  A.  OcKEBSON,  M.  Am.  Soc.  C.  E. — The  agitation  in  engineering 
societies  and  in  the  technical  press  as  to  the  propriety  of  a  code  of 
ethics  to  govern  and  guide  the  members  of  our  profession  may.  be 
taken  as  evidence  of  a  desire  to  ennoble  the  calling  of  the  engineer. 
It  is  a  recognition  of  the  fact  that  engineers,  in  this  country  at  least, 
are  not  yet  accorded  the  position  to  which  they  are  entitled  by  the 
importance  of  their  work  and  the  conspicuous  part  they  have  taken 
in  the  development  of  the  natural  resources  of  our  country.  There 
are,  however,  some  signs  of  progress  in  this  direction. 

None  of  the  so-called  learned  professions  is  so  intimately  connected 
with  the  material  progress  of  our  country  as  is  that  of  engineering. 
The  engineer  has  always  been  the  advance  guard  of  civilization  in  the 
development  of  our  western  empire,  and,  largely  through  his  instru- 
mentality, a  marvelous  change  has  been  wrought  in  a  few  decades, 
which  would,  ordinarily,  be  the  work  of  centuries. 

In  the  older  and  more  settled  portions  of  the  country  his  work  is 
equally  important,  in  providing  ample  means  of  transportation  by 
land  and  by  water,  and  in  many  ways  contributing  to  the  comfort  and 
safety  of  the  people  who  live  in  our  great  cities. 

Yet,  in  the  face  of  all  this,  the  profession  is  not  held  in  that  high 
public  esteem  to  which  it  is  justly  entitled.  This  is  due,  in  a  great 
measure,  to  the  fact  that  the  public  is  not  as  familiar  as  it  should  be 
with  the  functions  of  the  engineer,  whose  individuality  is  more  or 
less  overshadowed  by  the  great  corporation  which  employs  him. 

The  education  of  the  public  up  to  the  proper  appreciation  of  the 
services  of  the  engineer  is  necessary,  before  any  great  improvement 
in  his  status  can  be  hoped  for.  It  can  never  come  through  the  estab- 
lishment of  any  possible  code  of  ethics.  No  opportunity  should  be 
neglected  which  will  serve  to  bring  the  engineer  and  the  public  to  a 
better  understanding  of  one  another.  The  engineer,  on  his  part, 
should  cultivate  the  acquaintance  of  men  in  other  walks  of  life. 
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Much  can  be  done  at  great  expositions,  by  bringing  the  general  Mr.  Ockenon. 
public  into  contact  with  the  work  which  the  engineer  has  wrought 
and  which  emphasizes  his  science,  ingenuity  and  skill. 

Heretofore,  engineering  work  in  expositions  has  been  s6mewhat 
obscured  by  being  mixed  up  with  transportation  and  other  related 
matters  which  indeed  are  closely  akin  to  it. 

In  the  coming  exposition  at  St.  Louis,  civil,  military  and  architect* 
Tiral  engineering  and  engineering  pertaining  to  public  works,  will 
be  housed  together  in  the  Liberal  Arts  Palace. 

In  the  interests  of  the  profession,  as  well  as  that  of  the  exposition, 
and  through  your  aid,  the  speaker  hopes  to  secure  for  the  several 
groups  devoted  to  engineering  the  best  examples  of  what  the  engi- 
neer has  wrought  in  all  parts  of  the  world.  With  the  co>operation  of 
the  engineering  profession,  which  should  be  readily  accorded,  there 
-win  be  gathered  at  the  coming  exposition  a  display  which  will  do 
credit  to  the  profession,  and  which  will  impress  the  layman  with  the 
dignity  and  importance  of  our  calling.  Every  engineer  can  do  some- 
-thing  toward  the  realization  of  this  much-desired  result. 

The  speaker  will  be  very  glad  if  each  member  will  take  this  up  as 
a  personal  matter,  and  arrange  to  offer  models,  plans,  drawings  and 
photographs  of  some  of  his  important  work.  It  would  also  be  well 
to  have  information  as  to  any  important  engineering  works  which  would 
be  interesting  and  novel  as  exhibits. 

Benjamin  M.  Habbod,  Past-President,  Am.  Soc.  C.  E. — The  Mr.  Harrod. 
speaker  has  but  little  to  add  to  this  discussion  beyond  the  expres- 
sion of  great  pleasure  in  hearing  that  part  of  the  Annual  Address 
devoted  to  the  subject,  and  of  entire  concurrence  in  the  views  ex- 
pressed by  the  President  and  by  the  Committee  on  Regulating  the 
Practice  of  Engineering. 

Effective  means  already  exist  by  which  any  desirable  improvement 
of  the  relations  of  civil  engineers  to  each  other  and  to  the  public 
can  be  accomplished.  The  principles  of  professional  ethics  ahould  be 
-explained  and  impressed  in  engineering  schools,  and  a  full  and  clear 
discussion  of  them  should  form  part  of  the  Transactions  of  Engineers' 
Societies. 

In  this  way  an  unwritten  law  will  prevail,  with  all  the  authority, 
.and  more  completeness  and  flexibility  than  can  be  given  to  a  written 
code. 

J.  Jabies  R.  Oboes,  Past-President,  Am.  Soc.  C.  E.  —To  the  first  Mr.  Croes. 
question  propounded,  * '  Should  Engineering  Practice  be  regulated  by 
4t  code  of  ethics, "  an  affirmative  answer  must  be  given.  No  business, 
trade  or  profession  can  be  successfully  carried  on  in  any  community 
except  in  accordance  with  the  ethical  standards  which  prevail  in  that 
<!ommunity.  Such  standards  have  varied,  at  different  stages  of  the 
world's  progress,  and  among  different  nations,  mainly  in  accordance 
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Mr.  Croes.  with  the  different  religious  concepts  which  have  prevailed  in  certain 
periods  and  among  certain  communities.  Among  what  we  consider  the 
civilized  nations  of  the  present  day,  the  standard  of  ethics  is,  as  has 
been  well  said,  embodied  in  the  Ten  Commandments  of  the  Mosaic 
Dispensation  and  the  Golden  Bule  of  the  Christian  Dispensation. 
The  application  of  these  fundamental  principles  to  special  cases,  and 
the  interpretation  of  them,  are  matters  of  tradition,  experience,  equity 
and  jurisprudence. 

The  second  question  propounded  is :  How  can  such  a  code  be  formu- 
lated and  established?  The  answer  to  this  must  be  that,  under  existing 
circumstances,  the  framing  of  a  written  law  of  action  applicable  to 
civil  engineers  alone,  is  impracticable. 

The  formulation  of  a  code  of  rules  which  would  be  applicable  to 
all  cases  in  which  doubt  might  arise  in  the  mind  of  a  practitioner 
of  civil  engineering  as  to  what  was  the  proper  course  for  him  to 
pursue,  would  involve  the  consideration  and  adjudication  of  almost 
every  conceivable  case  of  **  conscience."  Supposing,  however,  only  a 
few  general  principles  to  be  enunciated,  those  principles  would  have 
to  be  accepted  by  the  persons  for  whose  guidance  they  were  in- 
tended, and  an  obligation  entered  into  by  such  persons  that  they  would 
be  liable  to  some  kind  of  penalty  in  case  of  their  infringement. 
This  would  require  the  establishment  of  a  court  of  arbitration  or  adju- 
dication. Any  attempt  to  establish  such  a  code  and  such  a  court,  by 
a  society  or  association  representing  only  a  small  proportion  of  the 
.  practitioners  of  the  multifarious  occupations  embraced  in  the  gen- 
eral title  of  Civil  Engineering,  could  only  result  in  ridicule  and 
failure. 

Irrespective  of  the  outsiders  composing  the  great  mass  of  the 
professior,  it  is  very  questionable  whether  unanimity  could  be 
secured  in  the  organization  undertaking  to  frame  a  code.  Our  own 
efforts  to  frame  a  Constitution  adapted  to  our  needs  furnish  an  in- 
structive lesson  in  this  respect.  For  years  not  a  general  meeting  has 
been  held  at  which  changes  or  modifications  or  explanatory  addi- 
tions to  our  fundamental  law  have  not  been  strenuously  demanded 
by  some  one  who  was  dissatisfied  with  or  could  not  comprehend  a 
clause  or  a  provision  of  the  Constitution.  How  much  greater  confu- 
sion of  ideas  might  be  expected  if  ethical  and  abstract  questions  were 
at  issue! 

But,  while  the  promulgation  of  a  formal  code  of  ethics  for  the 
Civil  Engineer  is  not  practicable  or  desirable,  there  is  doubtless  a 
need  and  a  demand  for  a  public  setting  forth  of  some  of  the  ele- 
mentary principles  which  have  come  to  be  recognized  by  engineers  of 
experience  in  the  combined  management  of  materials  and  men  as 
fundamental,  but  which  the  young  practitioner,  who,  fresh  from  his  col- 
lege halls,  attempts  to  grapple  with  practical  problems  of  design,  con-^ 


Papers.]  DISOUSSIOK   ON    A  CODB  OF  ETHICS.  615 

stmction  and  management,  has  no  familiarity  with,  and  of  which  the  Mr.  Croes 
ordinary  man  of  bnsiness,  nnfamiliar  with  professional  ethios,  has 
little  conception.  The  yonng  engineer  can  only  imbibe  loyalty  to 
those  principles  by  association  with  older  members  of  the  profes- 
sion, and,  lacking  the  opportunity  and  too  frequently  the  desire  for 
such  prolonged  association,  is  apt  to  go  astray  and  commit  some 
solecism  in  morals,  through  ignorance  rather  than  viciousness.  It 
would  be  an  advantage,  therefore,  if  some  civil  engineer  of  acknowl- 
edged experience  and  standing  would  write  a  brief  compendium  of 
engineering  ethics,  from  his  point  ot  view,  and  have  it  published 
by  a  standard  bookseller.  It  would  promote  discussion  and  lead 
to  much  good.  But,  as  has  before  been  said,  any  effort  to  give  to 
such  a  publication  the  status  of  an  established  law  of  morals  would  be 
absurd. 

A  book  of  this  kind  might  also  serve  the  purpose  of  deterring 
clients  from  making  to  professional  men  propositions  which  may  be 
considered  either  as  silly  or  criminal,  according  to  the  point  of  view. 
There  would  have  to  be  laid  down  some  rules  so  rudimentary  as  at 
first  glance  to  seem  absurd.  The  principle,  for  instance,  that  no 
man  can  serve  two  masters,  seems  so  self-evident  to  anyone  who  has 
been  trained  in  the  doctrines  of  the  Talmud  or  the  Bible,  as  not  to 
need  enforcement.  And  yet  only  a  short  time  ago  in  a  seaboard  city, 
where  a  new  administration,  pledged  to  economy,  had  been  installed 
and  had  reduced  the  compensation  of  all  its  professional  advisers,  a 
number  of  persons,  not  connected  with  the  government,  and  desirous 
of  having  their  ideas  of  the  administration  of  an  important  depart- 
ment carried  out,  combined  in  an  offer  to  pay,  to  a  professional  ad- 
viser whom  they  selected,  an  additional  salary  equal  to  that  which 
the  city  would  pay  him,  on  condition  of  his  appointment  to  the 
position.  In  other  words,  they  proposed  that  this  city  of&cial  should 
have  two  masters;  one,  the  city  whose  interests  he  was  supposed  to 
serve,  the  other,  a  half-master,  with  no  responsibility  to  the  tax- 
payers or  anyone  else  except  themselves,  but  whose  interests  he 
would  be  compelled  to  serve  or  lose  his  salary.  And  yet  this 
extraordinary  proposition,  based  apparently  on  a  kind  of  electro- 
motive idea  of  having  one  machine  and  two  power-houses  in  dif- 
ferent places  and  under  separate  control,  was  made  in  good  faith 
by  men  who  could  not  see  that  it  was  scandalous  and  abhorrent 
to  all  persons  who  had  correct  ideas  regarding  professional  duties 
and  responsibility,  and  that,  moreover,  the  same  rule  might  be  car- 
ried out  with  regard  to  any  other  Association,  or  Club,  or  Hall,  which 
might  be  willing  to  '*  put  up  the  stuff"  to  have  a  city  department  run 
as  it  wanted  it. 

A  rudimentary  treatise  on  ethics  might  then  be  a  good  thing  to 
have,  but  not  as  a  formal  declaration  by  this  Society  of  what  a  civil 
engineer  ought  or  ought  not  to  do,  to  be,  or  to  suffer. 
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Mr.  Dairympie.  F.  W.  DAiiBTMPiiE,  Assoc.  M.  Am.  Soc.  C.  E. — The  speaker  hardly 
nnderstands  whether  it  is  proposed  to  create  an  engineering  trust  or 
an  engineering  labor  union,  bnt  it  seems  to  him  that  either  proposition 
would  be  beneath  the  dignity  of  the  profession.  If  a  code  of  rules  is 
established,  it  would  certainly  be  necessary  to  create  at  least  some 
sort  of  a  court  to  administer  and  interpret  those  rules,  which  is 
thought  to  be  undesirable  and  impractical. 

The  speaker  begs  to  suggest  that,  if  such  a  code  is  to  be  adopted, 
the  best  that  could  bo  formulated  would  be  the  Ten  Gommandmetts, 
with  the  addition  of  that  other  biblical  proposition,  to  do  unto  others 
as  you  would  have  them  do  unto  you. 

Mr.  Darracfa.  OHABiiES  G.  Dabrach,  M.  Am.  Soc.  C.  E. — A  code  of  professional 
ethics  may  be  expressed  briefly  in  three  words,  known,  or  supposed  to 
be  known,  and  acknowledged,  by  any  and  everyone  entitled  to  a  mem- 
bership in  the  various  grades  of  this  Society.  Unfortunately,  in  the 
speaker's  experience,  and  probably  in  that  of  many  other  members  of 
this  Society,  ignorance  of  these  words  alone  raises  the  question  at 
issue;  and,  that  the  speaker  may  not  be  misunderstood,  it  might  be 
well  to  make  reference  to  where  this  rule  may  be  found. 

In  an  ancient  compendium,  which,  by  some  sing^ular  fortuity,  has 
been  reproduced  in  manuscript  and  the  press  for  nearly  3000  years, 
and  is  supposed  to  be  in  general  circulation,  one  of  the  earliest 
writers,  who,  if  the  speaker's  memory  serves  him  right,  was  bom  in 
Egypt,  enunciated  the  general  principles.  Of  this  incidental  reference, 
the  speaker  thinks  it  is  unnecessary  to  make  more  specific  mention. 

The  difficulty  seems  to  be  in  the  application  of  thcTule.  In  other 
words,  to  make  the  punishment  fit  the  crime,  or,  probably  it  might  be 
more  aptly  stated,  to  make  the  reward  fit  the  merit.  It  would  seem  to 
the  speaker  that  the  first  duty  of  a  member  of  this  Society,  regardless 
of  his  experience  and  scientific  attainments,  is  to  be  a  gentleman,  with 
that  regard  for  each  other  member  of  the  Society,  at  least,  that  he 
would  expect  awarded  to  himself.  Unfortunately,  this  condition  does 
not  prevail.  The  speaker  has  known  of  cases  where  members  of  this 
Society  have  filched  work  from  their  fellow-members,  have  spoken  in 
disparaging  terms  both  of  their  business  and  scientific  attainments, 
and,  in  fact,  have  done  all  that  they  possibly  could  to  degrade  the 
profession  into  a  trade. 

There  was  a  time  when  to  be  a  Member  of  the  American  Society  of 
Civil  Engineers  meant  more  than  it  does  to-day.  In  the  speaker's 
experience,  this,  to  a  certain  extent,  is  due  to  the  present  method  of 
elections,  or  the  practical  exclusion  of  the  blackball.  The  speaker 
remembers  some  years  ago,  and  he  thinks  it  was  about  the  time  of  the 
first  St.  Louis  meeting,  that  a  certain  person  received  some  seven  or 
eight  blackballs.  A  great  hue  and  cry  was  raised  that  a  conspiracy 
had  been  raised  against  the  individual  in  question.     The  speaker  cast 
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one  of  those  blackballs,  and  nsed  no  influence,  whatever  in  the  casting  Mr.  Darrach. 
of  the  others.  The  candidate  under  discussion  had  been  given  a  posi- 
tion by  the  speaker,  to  a  certain  extent  out  of  charity.  The  aforesaid 
candidate  had  hardly  been  warm  in  his  position  when,  like  Ephraim, 
he  "waxed  fat  and  kicked."  The  chief  engineer,  whose  principal 
assistant  the  speaker  happened  to  be,  apprised  him  one  day  of  the 
fact  that  the  speaker's  protege  was  earnestly  endeavoring  to  obtain  the 
speaker's  position,  without  even  having  the  courtesy  of  mentioning  the 
matter  to  him. 

No  doubt  many  of  our  members  could  recite  parallel  instances,  and 
it  is  exceedingly  difficult  to  be  obliged  to  practically  convict  a  man  of 
a  heinous  offence,  which  the  present  laws  of  the  Society  practically 
require,  before  he  is  excluded  from  the  privilege  of  membership;  but 
we  are  in  the  situation  and  must  enact  certain  laws  or  bring  attention 
to  the  various  members  who  are  not  familiar  with  the  ancient  book  to 
which  the  speaker  has  referred. 

W.  HiiiDENBBAND,  M.  Am.  Boc.  C.  E.  (by  letter). — The  fact  that  Mr.  Hiiden- 
the  question  of  establishing  a  code  of  ethics  for  practicing  engineers  ™°  ' 
is  to  be  discussed  is-  in  itself  an  indication  that  past  experience  must 
have  shown  that  the  conduct  of  some  members  of  the  profession  has 
not  always  been  what  it  should.  This  is  not  surprising,  because 
human  nature  is  the  same  everywhere  and  at  all  times;  knowledge 
and  mechanical  skill  do  not  necessarily  exclude  selfishness  and 
injustice,  which  are  found  in  aU  kinds  of  business  and  in  every  station 
of  life.  If  it  were  possible  to  eradicate  from  human  society  the  two 
evils  of  selfishness  and  injustice  by  a  printed  code  of  ethics,  it  would 
be  our  duty  to  adopt  oue,  without  a  minute's  delay.  Such  a  code 
could  be  short  and  very  simple;  it  could  be  comprised  in  a  single 
sentence,  like  this:  ''Act  as  a  gentleman,  in  every  respect,  on  all 
occasions;  be  just  and  generous  to  your  brothers  in  the  profession, 
and  do  not  hesitate  to  take  the  full  responsibility  for  all  your  actions!" 
These  maxims,  of  course,  are  not  new;  they  have  always  existed  as 
unwritten  laws;  they  fit  every  profession  and  vocation,  and  if  they 
were  inherent  to  all  men  and  had  always  been  fulfilled,  or  would  be 
fulfilled,  no  special  code  of  ethics  for  engineers  would  be  necessary. 
Unfortunately,  there  is  no  such  perfection,  and  men  have  always 
existed  who  either  lack  the  natural  capacity  of  making  a  fine  dis- 
tinction between  right  and  wrong,  or  whose  better  judgment  and 
better  sentiments  are  darkened  by  selfishness.  The  writer  fears  that 
no  code  of  ethics  would  rectify  the  evils  done  by  such  men,  because, 
if  it  is  not  in  their  nature  to  act  justly  and  generously,  no  amount  of 
printed  regulations  will  be  able  to  change  their  character.  Moreover, 
it  would  be  almost  impossible  to  enumerate  and  define  beforehand  in 
special  paragraphs  the  hundred  and  more  varieties  of  forms  of 
injustice.      Certain  actions    may  be  justified  in  one  case  and  con- 
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Mr.  Hiiden- demnable  in  another.     It  might  happen  that  a  moral  or  professional 


brand. 


injustice  might  be  done,  one  that  is  not  defined  in  some  paragraph  of 
the  code,  and  the  transgressor,  though  guilty,  would  have  to  be 
acquitted  for  not  haying  violated  the  printed  regulations  of  the  code 
of  ethics.  Bj  ethics  is  meant  the  doctrine  of  moral  duties,  and  not 
a  mere  code  of  etiquette  as  to  superficial  outside  forms  of  conduct  on 
certain  occasions. 

While  the  writer  thinks  that  it  might  be  desirable  to  establish 
some  simple  forms  of  etiquette,  not  as  absolutely  necepsary  rules,  but 
as  advice  or  for  convenient  guidance,  to  the  novice  in  the  profession, 
he  believes  decidedly  that  a  code  of  ethics  for  regulating  engineering 
practice  is  not  only  useless,  but,  inasmuch  as  it  can  never  be  com- 
plete, it  will  do  more  harm  than  good.  The  true  ethics  are,  or  should 
be,  implanted  by  Nature  in  every  man ;  but,  outside  of  that,  the  writer 
believes  in  letting  everybody  exercise  in  the  broadest  sense  his  full 
liberty,  and  not  be  hampered  with  regulations,  as  long  as  he  does  not 
interfere  with  the  rights  of  another. 

For  determining  whether  any  rights  have  been  infringed,  and  for 
rectifying  any  wrongs  done,  the  writer  would  propose,  in  place  of  a 
code  of  ethics,  the  establishment  of  a  court  of  justice  as  a  part  of  this 
Society.  How  to  arrange  the  details  of  such  a  court  of  justice  is  a 
matter  to  be  discussed  afterward,  but,  in  order  to  accomplish  the 
desired  ends,  the  court  ought  to  be  permanent;  that  is,  it  ought  to 
constitute  a  special  part  or  committee  of  this  Society,  having  nothing 
else  to  do  but  examine  and  judge  upon  the  disagreements  of  ethics 
among  the  members  of  the  profession.  The  principal  quality  of  this 
court,  of  course,  should  be  its  impartiality.  Every  member  of  the 
Society,  whether  chief  engineer  of  a  department  or  only  a  humble 
draughtsman,  should  be  equal  before  the  court,  and  have  the  right  to 
present  to  it  his  real  or  supposed  grievances.  The  court  would  examine 
these  and  give  a  verdict  accordingly. 

As  it  is  at  present,  there  is  absolutely  no  redress  for  a  member  of 
the  profession  who  sufiers  injustice  of  a  kind  which  does  not  come 
under  the  regular  civil  laws.  To  mention  only  one  instance:  It  hap- 
pens, not  infrequently,  that  an  engineer  is  deprived  of  the  credit  due 
him  for  his  work,  in  consequence  of  certain  publications,  in  which, 
knowingly  or  unknowingly,  the  author  attributes  the  merit  to  another 
person  who  does  not  deserve  it.  What  can  one  do  in  such  a  case? 
Should  he  write  to  the  papers,  or  publish  another  book  on  the  same 
subject,  merely  for  contradicting  a  certain  statement?  As  a  rule, 
this  is  impractical,  and  also  inefficient;  but  let  the  matter  be  brought 
before  a  court  of  justice  of  engineers,  who  will  make  an  official  report , 
to  the  profession,  of  the  true  state  of  affairs,  and  who  has  the  power  to 
mete  oat  punishment  by  reprimanding  the  transgressor,  or,  in  severe 
cases,  by  his  eviction  from  the  Society.     It  would  give  general  satis- 
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faction,  and  would  do  more  toward  establishing  a  true  code  of  ethics  Mr.  HUden- 
Among  engineers  than  specifying  and  printing  a  number  of  arbitrary 
or  self-evident  rules. 

The  writer  does  not  imagine  that  such  a  court  would  eradicate  all 
injustice  among  members  of  the  profession,  as  little  as  the  ordinary 
courts  are  able  to  abolish  transgressions  against  the  civil  laws,  but 
lie  believes  it  would  have  a  wholesome  effect  in  reducing  the  violations 
of  ethics,  and  in  rectifying,  to  a  great  extent,  the  evils  arising  from 
such  violations.  This  Society  is  large  and  powerful  enough  to  make 
its  court  of  justice  generally  respected. 

The  object  of  this  discussion  proves  that  the  need  for  rectifying 
or  bettering  the  ethics  in  the  engineering  profession  has  been  felt, 
and  the  writer  believes  that  such  a  need  cannot  be  better  or  more 
efficaciously  supplied  than  by  a  body  of  truth-loving  men  known  as: 
**  The  Court  of  Justice  of  the  American  Society  of  Civil  Engineers  I*' 
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A  PROPOSED  NEW  TYPE  OF  MASONRY  DAM. 
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By  Messrs.  H.  de  B.  Pabsons,  Edwabd  Weomakn  and 

WiiiLiAM  B.  Fuller. 


Mr.  Parsons.  H.  DE  B.  Pabsonb,  M.  Am.  Soc.  C.  E.  (by  letter).— The  dam  de- 
scribed by  the  author  is  practically  a  dam  of  uniform  section 
reinforced  by  buttresses  built  against  the  down-stream  face.  This 
principle  is  not  new,  as  many  engineers  have  attempted  to  perfect 
such  designs,  when  planning  large  masonry  dams,  in  order  to  save 
yardage.  As  far  as  the  writer  is  aware,  no  such  buttress  dam  of  large 
proportions  has  been  constructed,  as  the  plans  have  lacked  the  mass 
required  for  stability,  or  have  indicated  excessive  toe  pressures.  How- 
ever, exception  might  be  made  to  some  curved  dams  (such  as  Bear 
Valley)  in  which  the  abutting  hillsides  have  replaced  the  artificial 
buttresses  proposed  by  the  author. 

In  order  to  secure  stability  against  sliding  and  overturning 
forces,  the  important  point  is  to  have  mass,  rather  than  little  mass 
mathematically  placed.  The  forces  acting  against  a  dam  are  not 
scientifically  determinable,  and,  therefore,  their  real  action  is  still 
unknown. 

The  usual  assumption  is  that  the  masonry  mass  is  solid  without 
elasticity,  or  else  solid  with  uniform  elasticity. 


*  This  discussion  (of  the  paper  by  George  L.  Dlllman,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedinga  for  April,  1908),  is  printed  in  Proceedings  in  order  that  the  views  ex- 
pressed may  be  brought  before  all  members  of  the  Society  for  further  discussion. 


Communications  on  this  subject  received  prior  to  September  26th,  1908,  will  be  pub- 
lished subsequently. 
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With  dams  of  uniform  profile,  therefore,  care  is  taken  not  to  trans-  Mr.  Parsons, 
gress  these  assumptions,  which  are  known  to  be  only  approximate. 
Such  dams  are  calculated  on  their  sections,  each  section  being  strong 
enough,  per  se,  to  withstand  the  pressures  and  not  require  any  assist- 
ance from  the  adjacent  sections. 

The  author  appears  to  have  altered  these  so-called  standard 
assumptions  by  enlarging  their  scope  to  a  point  which  may  or  may 
not  be  true.  Thus,  he  fig^es  the  weight  of  the  dam  between  centers 
of  buttresses,  and  assumes  that  the  weight  will  act  through  the  cen- 
ter of  gravity  of  the  mass.  The  question  arises,  therefore,  can  the 
weight  be  considered  as  acting  thus ;  or  will  not  the  weight  of  the 
buttresses  alone  be  left  to  resist  the  total  water  pressure?  This  water 
pressure  will  surely  come  back  through  the  buttresses  on  account  of 
the  arched  form,  but  the  writer  doubts  if  much  resisting  weight  will 
be  available,  outside  of  that  of  the  masonry,  along  or  near  the  axis  of 
each  buttress. 

The  cost  of  such  a  buttressed  dam  would  probably  exceed  that  of 
a  dam  having  a  uniform  section,  on  account  of  the  increased  face 
work. 

Edwabd  Wegiiann,  M.  Am.  Soc.  C.  E.— The  idea  of  constructing  a  Mr.  Wegnuuio. 
dam  having  a  number  of  piers  joined  by  vertical  arches  is  not  new. 
This  plan  naturally  suggests  itself  for  saving  masonry.  The  Belu- 
bula  Dam,*  constructed  in  South  Wales  about  1898,  was  built  in  this 
manner.  This  dam  has  a  length  of  431  ft.  and  a  maximum  height  of 
60  ft.  above  the  foundation.  The  lower  part  of  the  dam  is  formed  of 
a  solid  wall  of  concrete,  23  ft.  high  at  the  lowest  part  of  the  valley. 
On  top  of  this  wall  six  brick  buttresses  are  built,  28  ft.  from  center  to 
center.  The  piers  are  joined  by  five  elliptical  arches  of  brickwork,  4 
ft.  thick  at  the  bottom  and  1  ft.  7  ins.  thick  at  the  top.  The  arches 
are  inclined  down  stream  60^  from  a  vertical  plane,  and  form  the  upper 
87  ft.  of  the  dam. 

In  connection  with  the  power  plant  of  the  Pioneer  Electric  Power 
Company,  of  Ogden,  Utah,  a  concrete  dam  100  ft.  high,  consisting  of  a 
number  of  piers  joined  by  arches,  was  proposed.  The  design  of  this 
dam  has  been  fully  describedf  by  Henry  Goldmark,  M.  Am.  Soc. 
C.  E.  The  dam  was  to  consist  of  piers,  placed  48  ft.  from  center  to 
center,  and  be  joined  by  cylindrical  arches  of  concrete,  8  ft.  thick 
at  the  bottom  and  6  ft.  thick  at  the  top.  The  up-stream  faces  of 
the  piers,  and,  consequently,  of  the  arches,  were  to  be  inclined  down 
stream.  A  roadway  16  ft.  wide  was  to  be  constructed  on  top  of  the 
piers,  and  be  supported  on  arches  built  between  the  piers.  lu  order 
to  insure  water-tightness,  the  up-stream  face  of  the  dam  was  to 
be  covered  with  J-in.  steel  plates.     According  to  the  bids  received, 

*  Engineering  News^  September  8tb,  1806. 

t  TranuLctiona^  Am.  Soc.  C.  E.,  vol.  zxxviH,  p. 
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Mr.  Wegmazin.  this  form  of  dam  was  found  to  be  from  12  to  15%  cheaper  than  an 
ordinary  dam  of  uniform  section.  The  Ogden  Dam  has  not  yet  been 
built. 

About  a  year  ago,  the  speaker  was  engaged  to  design  a  dam  160  ft. 
high,  which  was  to  consist  of  piers  joined  by  vertical  arches.  He  found 
that  he  could  not  improve  much  on  the  design  for  the  Ogden  dam,  as 
far  as  it  went,  viz.,  for  a  height  of  100  ft.,  and  had  only  to  make  calcu- 
lations for  an  additional  60  ft.  in  height. 

A  French  engineer  has  proposed  to  build  a  dam  as  a  straight 
wall,  having  a  comparatively  weak  section,  and  to  reinforce  it  by 
buttresses  placed  at  regular  intervals.  Some  economy  in  con- 
struction might  possibly  be  effected  in  this  manner.  The  speaker 
does  not  know  of  any  dam  which  has  been  originally  built  accord- 
ing to  this  plan,  but  the  Gros  Bois  Dam,  built  in  France  in  1830  to 
1838,  was  reinforced  in  1842  by  the  construction  of  nine  counterforts, 
as  it  deflected  several  centimeters  when  subjected  to  the  full  water 
pressure.  This  dam  had  a  length  of  1  805  ft.  and  a  maximum  height 
of  93  ft. 

The  new  type  of  dam  proposed  by  Mr.  Dill  man  differs  from  the 
arched  dams  mentioned  only  in  substituting  between  the  piers 
parabolic  arches  for  the  ordinary  cylindrical  arches.  The  for- 
mulas which  Mr.  Dillman  has  evolved  for  his  type  of  dam  are 
exceedingly  simple,  but  Mr.  Dillman 's  type  is  not  the  most  eco- 
nomical of  its  class.  Applying  his  type  to  the  proposed  Ogden  dam, 
which  was  to  be  100  ft.  high  and  to  have  the  piers  48  ft.  from  center 
to  center,  and  comparing  it  with  the  design  made  for  the  Ogden  dam, 
and,  also,  with  a  dam  having  a  uniform  crossHsection,  the  result  is  as 
follows : 

Ogden  project 86  cu,  yds.  per  linear  foot. 

Dillman's  plan 115       •*  "       **         ** 

Uniform  dam 123       **  **       **        ** 

This  shows  that,  as  far  as  strength  is  concerned,  a  considerable 
saving  in  masonry  could  doubtless  be  effected  by  building  a  dam  of 
piers  and  arches. 

There  is,  however,  another  consideration  besides  stability,  viz.,  the 
prevention  of  leakage.  In  the  case  of  a  high  dam,  even  when  its  base 
is  100  ft.  or  more  in  thickness,  some  sweating  or  leakage  will  generally 
occur.  How,  then,  could  the  thin  face  of  masonry  proposed  by  the  au- 
thor, which  was  to  have  only  the  thickness  of  one-tenth  the  height,  be 
made  water-tight?  Ordinary  masonry  would  not  suffice  for  this  purpose. 
Steel  plates  or  asphalt  might  be  used,  but  would  add  to  the  expense  of 
the  construction. 

While  steel  plates  would  make  a  tight  face,  there  would  be  some 
difficulty  in  connecting  them  at  the  bottom  and  sides  of  the  valley  so 
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that  water  could  not  pass  aronnd  the  steel  facing.     The  speaker  had  Mr.  Wegmann. 

thought  of  using  a  facing  of  asphalt  for  a  dam  160  ft.  high,  which  was 

to  consist  of  piers  and  arches.     The  trouble  with  asphalt,  however, 

is  that  it  is  plastic.     It  could  not  be  used  for  a  vertical  face.     Experts 

in  asphalt  had  advised  the  speaker  to  give  the  dam  a  big  slope  up 

stream  (which  was  contrary  to  the  usual  design),  and  to  imbed  the 

asphalt  between  two  layers  of  masonry.     The  objection  to  introducing 

in  a  dam  asphalt  or  steel  plates  a  certain  distance  from  the  up-stream 

face  is  that  it  breaks  the  continuity  of  the  masonry  and  makes  the 

calculations  of  the  distribution  of  the  pressure  very  uncertain. 

The  author  used  the  ordinary  formulas  for  the  distribution  of 
pressure,  which  assume  it  to  be  either  uniform  or  to  vary  uniformly, 
according  to  the  position  of  the  line  of  pressure.  As  the  width  of  the 
piers  of  the  proposed  new  type  diminished  toward  the  down-stream 
face,  the  author  assumed  the  pressures  to  increase  from  what  they 
would  be  for  an  ordinary  uniform  dam,  in  proportion  as  the  width  of 
the  piers  diminished.  The  formulas  applied  for  calculating  the  dis- 
tribution of  pressure  in  an  ordinary  masonry  dam  are  based  on  the 
assumption  that  the  dam  is  perfectly  rigid.  While  this  assumption,  of 
course,  is  far  from  being  exact,  it  exaggerates,  in  all  probability,  the 
pressures  near  the  faces  of  the  dam  where  the  masonry  is  weakest, 
and,  therefore,  errs  in  the  direction  of  safety.  When  these  formulas, 
however,  are  applied  to  piers  like  those  proposed  by  the  author,  sub- 
jected not  only  to  the  water  pressure  and  their  own  weight,  but, 
also,  to  arch  strains,  and  having  bases  that  diminish  in  width  down 
stream,  there  is  a  great  deal  of  uncertainty  as  to  the  results  obtained. 
The  more  eccentric  the  lines  of  pressure,  the  less  likelihood  of  the 
usual  formulas  for  calculating  the  maximum  pressure  being  applic- 
able to  the  case. 

The  author  states  that  he  did  not  see  the  necessity  of  limiting  the 
lines  of  pressure  to  the  center  third  of  the  profile,  a  restriction  usually 
made  in  the  designs  of  dams  since  Professor  Bankine  drew  attention 
to  this  matter  in  his  valuable  report""  on  ''The  Design  and  Construc- 
tion of  Masonry  Dams.  '* 

According  to  the  laws  of  a  uniformly  varying  stress,  upon  which 
the  formulas  for  the  distribution  of  pressure  in  a  dam  are  based, 
tension  would  occur  in  the  face  further  from  the  line  of  pressure, 
whenever  the  latter  fell  outside  of  the  center  third  of  the  profile. 
While  it  may  seem  a  little  difficult  to  understand  how  tension  could 
occur  in  a  wall  of  masonry,  it  is  likely  to  take  place  in  the  case  of  an 
eccentric  line  of  pressure,  which  would  tend  to  tilt  the  dam,  causing 
great  pressure  near  one  face  and  a  tendency  to  open  at  the  other. 

As  regards  the  question  of  practical  construction,  Mr.  Dillman's 
type  of  dam  would  be  rather  troublesome  to  execute,  especially  if  the 

•  The  Engineer^  January  6th,  1872. 
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Mr.  Wegmann.  down-stream  face  were  to  be  made  of  cat  stone,  as  the  parabolas  form- 
ing this  face  are  continually  changing  according  to  the  height  of  the 
dam.     Cylindrical  arches  would  be  more  easily  bnilt. 

Mr.  Dill  man  has  stated  that  no  more  intricate  mathematics  would 
be  involyed  if  the  up-stream  face  of  his  new  type  of  dam  were  battered 
instead  of  vertical.  That  might  be  the  case  if  the  weight  of  water 
resting  on  the  up-stream  face  were  not  considered  in  the  calculations. 
This  omission  might  be  safely  made  if  the  up-stream  face  were  steep, 
as  the  error  involved  would  be  trifling,  and  in  the  direction  of  safety. 
If  the  up-stream  face,  however,  had  considerable  batter,  and  was 
similar,  for  instance,  to  that  assumed  for  the  design  for  the  Ogden 
Dam,  the  weight  of  the  water  resting  on  this  face,  and  its  moment,  have 
to  be  included  in  the  calculations,  and,  doubtless,  would  make  the 
formulas  for  determining  the  cross-section  of  the  dam  more  compli- 
cated. 

If  some  good  method  were  discovered  for  making  a  thin  wall  of 
masonry  practically  water-tight  under  considerable  pressure,  dams 
consisting  of  piers  joined  by  vertical  arches  would  be  likely  to  be  con- 
structed in  the  future,  with  a  view  of  saving  expense.  In  our  present 
titate  of  knowledge,  however,  the  design  of  such  structures  would 
have  to  be  based  upon  the  results  obtained  by  actual  construction,  low 
dams  being  built  at  first,  and  others  of  greater  height  when  the  lower 
dams  had  stood  successfully  for  some  years. 

Mr.  Fuller.  WiUiiAM  B.  FuUiEB,  M.  Am.  Soc.  C.  E. — A  dam  of  the  design  pro- 
posed by  the  author  is  worthy  of  careful  study,  and  such  study  would 
lead  to  a  better  realization  of  the  essential  factors  which  enter  into 
the  constrnction  of  dams.  There  are  one  or  two  details  of  this  design 
which  seem  very  favorable.  The  leakage  through  the  dam  could  be 
under  inspection,  and  controlled  so  that  exactly  what  w^as  occurring  at 
any  time  would  be  known.  If  there  is  only  a  very  thin  sheet  in  front,  and 
that  can  always  be  inspected,  it  would  be  known  whether  there  was 
anything  going  on  which  required  repairing  or  taking  care  of,  and  it 
would  seem  that  this  is  a  matter  which  ought  to  be  known  about  any 
dam,  rather  than  to  know  hardly  anything  about  it,  as  in  the  so-called 
gravity  type. 

There  should  not  be  any  more  difficulty  in  making  a  dam  tight  with 
masonry  a  few  feet  thick,  say  10  ft.,  under  100  ft.  head,  as  proposed  by 
the  author,  than  there  would  be  in  making  it  tight  if  the  masonry 
were  40  to  80  ft.  thick;  in  fact,  it  would  probably  be  easier  to  make 
the  thin  wall  tight  than  the  thick  one. 

The  speaker's  experience  has  been  that,  where  there  is  a  thin  sheet 
of  masonry,  a  great  deal  more  attention  can  be  paid  to  the  detail  of  its 
construction,  and  a  great  deal  richer  proportion  of  cement  used  with 
the  concrete  or  masonry  without  incurring  prohibitive  costs  of  con- 
struction.   In  this  way  it  would  be  possible  to  get  a  very  much  higher 
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standard  of  construction  than  is  ordinarily  obtained  when  a  large,  Mr.  Fuller, 
thick  masonry  dam  is  built. 

The  speaker  is  of  the  opinion  that  there  will  not  be  very  much 
difference  in  the  cost  of  construction  in  either  case;  that  is,  the  cost 
would  be  put  into  masonry  of  a  better  quality. 

The  discussion  has  apparently  turned  on  the  fact  that  such  a  dam 
would  be  of  cut-stone  masonry,  and  therefore  very  expensive  to  con- 
struct, owing  to  the  large  amount  of  face  work.  In  these  days  it  is 
hardly  probable  that  any  such  dam  would  be  built;  it  would  probably 
be  built  of  concrete,  which  seems  to  be  the  favorable  construction 
material  at  present,  and  it  would  not  cost  much  more  per  unit  to  make 
a  thin  section  of  such  material  than  a  very  heavy  one. 

About  three  years  ago  the  speaker  had  occasion  to  design  a  dam  to 
hold  about  43  ft.  of  water,  and  made  three  different  designs.  One 
was  a  gravity  section,  of  concrete;  another  was  a  section  somewhat 
similar  to  that  proposed  by  the  author,  with  the  exception  that  it  had 
two  faces  and  the  interior  was  hollow,  the  idea  being  that  a  man  could 
pass  through  the  interior  of  the  dam  and  inspect  it  at  all  times,  and  any 
seepage  through  the  material  would  be  instantly  located.  In  order  to 
get  stability  for  such  a  design,  it  was  necessary  either  to  make  a  very 
wide  base  or  put  in  iron,  and  in  this  design  iron  was  used  to  take  up 
the  additional  stresses  instead  of  using  a  wide  base.  Another  design 
considered  the  dam  merely  as  an  iron  cantilever  truss,  entirely  sur- 
rounded with  concrete,  and  with  an  apron  of  concrete  in  front  held  up 
by  this  truss,  thus  being  very  similar  in  design  to  that  proposed  by 
the  author.  Bids  were  received  on  all  three  of  these  designs,  and  the 
gravity  section  was  very  much  the  cheapest  of  the  three,  and  therefore 
was  adopted  and  built. 
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THOMAS  LAIDLAW  BATMOND,  M.  Am.  Soc.  C.  E.* 


DiBD  NovEiCBEB  15th,  1901. 


Thomas  Laidlaw  Baymond  was  born  in  New  Orleans,  Louisiana, 
on  May  22d,  1853,  and  received  his  preliminary  education  in  the 
schools  of  that  city.  In  1870  he  entered  the  University  of  Virginia, 
from  which  he  was  graduated  in  1874,  with  the  degrees  of  Civil  and 
Mechanical  Engineer  and  Bachelor  of  Science. 

From  January  until  October,  1875,  he  was  a  draftsman  in  the  office 
of  the  City  Surveyor  of  New  Orleans.  From  October,  1875,  until 
July,  1876,  he  taught  mathematics  in  the  Preot  School,  after  which 
he  became  bookkeeper  and  cashier  for  the  firm  of  Elkin  and 
Company. 

In  May,  1879,  Mr.  Baymond  entered  the  service  of  the  Govern- 
ment, as  U.  S.  Assistant  Engineer,  and,  during  the  succeeding  nine 
years,  was  stationed,  successively,  at  South  Pass,  Sabine  and  Blue 
Buck  Passes,  Sanibel  Island,  Bayou  Lafourche,  Bayou  Coartablau, 
and  other  points  on  the  Gulf  Coast. 

From  August,  1888,  until  December,  1896,  he  was  connected  with 
the  Board  of  State  Engineers  of  Louisiana,  as  Chief  Draftsman.  In 
December,  1896,  he  was  chosen  as  Principal  Assistant  Engineer  of  the 
Drainage  Commission  of  New  Orleans,  which  position  he  filled  until 
his  death. 

At  the  request  of  the  Sewerage  and  Water  Board  of  New  Orleans, 
Mr.  Baymond  served  as  a  member  of  their  Advisory  Council  of  Engi- 
neers. His  interest  in  this  work  and  in  the  public  welfare  was  so 
great  that,  in  view  of  a  legal  doubt  concerning  his  right  to  payment, 
these  services  were  rendered  gratuitously.  The  duties  of  these  several 
positions  were  discharged  with  an  ability  and  fidelity  which  won  for 
him  the  esteem  of  his  employers  and  associates. 

Mr.  Baymond's  success  as  an  engineer  was  due  partly  to  special 
fitness  for  such  work,  partly  to  close  observation  and  application,  and 
largely  to  a  high  standard  of  personal  and  professional  duty.  Com- 
bined with  this  equipment  he  had  a  good  heart  and  a  generous 
manner,  which  secured  the  warm  regard  of  all  who  had  the  privilege 

*  Memoir  prepared  by  the  Secretary  from  papers  on  file  at  the  House  of  the  Society, 
and  from  a  Memoir  prepared  by  a  Committee  of  the  Louisiana  Engineering  Society  and 
published  in  the  Journal  of  the  Association  of  Engineering  Societies,  Vol.  zzviii, 
page  98. 
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of  servlDg  with  him.  His  associates  will  all  join  in  a  recognition  of 
Ilia  ability  as  an  engineer  and  his  yalne  as  a  citizen  and  friend. 

He  was  married  in  1889,  and  leaves  a  widow,  a  son  and  two 
daughters.  He  was  active  in  organizing  the  Louisiana  Engineering 
Society,  and  served  as  its  second  President,  in  1897.  His  interest  in 
that  society  continued  until  his  death. 

Mr.  Raymond  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  October  6th,  1897. 


CHRISTOPHER  GHAHPLIN  WAITE,  M.  Am.  Soe.  C.  E."^ 


Died  Fbbbuaby  21st,  1896. 


Christopher  Champlin  Waite  was  born  at  Maumee  City,  Lucas 
County,  Ohio,  on  September  24th,  1843.  He  was  a  son  of  Morrison 
Bemick  Waite,  late  Chief  Justice  of  the  Supreme  Court  of  the  United 
States,  and  Amelia  (Champlin)  Waite.  He  inherited  a  sturdy  strength 
of  character  which  served  him  well  in  a  long  period  of  private  and 
public  usefulness. 

He  entered  the  Rensselaer  Polytechnic  institute  in  1860,  and  was 
graduated  in  1864.  His  first  engineering  employment  was  on  the 
Coicsackie  Railroad,  in  1865  and  1866.  During  the  next  two  years  he 
was  engaged  on  the  Croton  Aqueduct  for  New  York  City.  In  1868  he 
became  Chief  Engineer  of  the  Columbus  and  Toledo  Railroad,  and 
Chief  Engineer  and  Superintendent  of  the  Cincinnati. and  Muskingum 
Valley  Railroad.  In  1889  he  became  President  of  the  Columbus, 
Hocking  Valley  and  Toledo  Railroad,  and,  under  his  administration, 
in  spite  of  strikes  and  financial  embarrassments  from  other  sources,  a 
property  which  had  met  with  many  reverses  was  converted  into  a 
paying  investment.  He  was  thoroughly  conversant  with  all  the  details 
of  the  operation  of  the  road,  and,  while  he  exacted  obedience  to  a 
rigid  discipline,  there  was  a  bond  of  fellowship  between  the  president 
and  the  subordinate. 

Mr.  Waite  was  married  to  Lillie  C.  Guthrie,  daughter  of  Julius  C. 
Guthrie,  of  Zanesville,  Ohio,  on  October  22d,  1868,  and  is  survived  by 
his  widow  and  two  children,  Harry  and  Ellison. 

Mr.  Waite  was  interested  in  the  public  affairs  of  the  communities 
in  which  he  lived,  and  was  at  one  time  Vice-President  of  the  Cincinnati 
Chamber  of  Commerce. 

He  was  prominent  in  charitable  work,  served  as  a  Trustee  of  the 
Children's  Hospital,  and  as  President  of  the  Board  of  Trustees  of  the 

*  Memoir  prepared  by  the  Secretary  from  informatloD  furnished  by  H.  S.  Waite, 
Bsq.,  and  from  papers  on  file. 
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Ohio  State  Epileptic  Hospital,  at  Gallipolis,  in  the  organization  and 
management  of  which  he  was  deeply  interested. 

He  was  a  lover  of  art,  and  had  at  his  home,  in  Cincinnati,  a  fine 
collection  of  statuary  and  paintings. 

Mr.  Waite  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  March  3d,  1880. 


REGINALD  McKEAN,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  Ootobeb  15th,  1901. 


Reginald  McEean  was  of  Irish  parentage,  and  was  bom  in  Liver- 
pool, England,  on  September  2d,  1867.  He  came  to  the  United 
States  in  1871. 

He  was  educated  in  the  public  schools  of  St.  Lonis,  Missouri, 
supplementing  his  training  there  by  various  courses  with  specialists 
in  mathematics,  chemistry,  etc.,  from  time  to  time,  as  circumstances 
permitted. 

After  a  few  years  spent  in  office  work,  failing  health  admonished 
him  that  a  more  active  life  was  a  necessity,  and,  in  1884,  he  secured  a 
minor  position  with  the  Mississippi  River  Commission,  engaged  in 
dredging  near  St.  Louis.  A  short  time  afterward  he  secured  employ- 
ment in  the  engineering  department  of  the  St.  Louis  and  San  Fran- 
cisco Railroad  Company.  From  that  time  until  the  fall  of  1896  he 
was  engaged  constantly  in  railroad  work,  occupying  various  positions 
of  increasing  responsibility,  and  gained  a  wide  experience  in  both 
maintenance  and  construction  work,  his  field  of  labor  being  prin- 
cipally in  Missouri,  Arkansas  and  Indian  Territory,  and  with  the  St. 
Louis  and  San  Francisco  and  the  Missouri  Pacific  Companies. 

He  left  the  United  States  in  December,  1896,  and  spent  four  years 
in  the  Transvaal,  South  Africa,  where  he  was  in  the  employ  of  the 
French  Rand  Gold  Mining  Company,  Limited,  as  Assistant  to  the 
Chief  Engineer,  having  charge  of  the  construction  of  new  work.  He 
was  held  in  highest  esteem  by  the  management  of  this  property,  and, 
when  war  came  on,  and  the  officials,  who  were  mostly  Englishmen, 
were  compelled  to  leave  the  country,  he  was  left  in  entire  charge  of 
the  property,  a  position  of  great  responsibility,  anxiety  and  annoy- 
ance, and  requiring  much  patience  and  tact.  In  the  latter  part  of  1900 
it  beaame  possible  for  a  limited  number  of  the  officials  to  return  to 
the  mines  in  the  Transvaal,  and  Mr.  McKean  was  granted  a  much- 
needed  leave  of  absence,  until  such  time  as  it  was  possible  for  the 
mines  to  resume  operations.  He  left  there  on  December  1st,  1900, 
and  arrived  at  his  home  in  Cincinnati,  Ohio,  at  Christmas. 

*  Memoir  prepared  by  J.  F.  Hinckley,  M.  Am.  Soc.  C.  E. 
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Shortly  after  his  retnm  to  the  United  States,  there  being  no 
prospeot  of  an  early  termination  of  the  war  in  South  Africa,  he 
accepted  a  position  as  Office  Engineer  in  the  Construction  Depart- 
ment of  the  St.  Louis  and  San  Francisco  Railroad  Company,  with 
headquarters  at  Sherman,  Texas. 

On  June  26th,  1901,  Mr.  McKean  was  married  to  Miss  Mary  Cecilia 
Denis,  of  Bond  Hill,  Ohio,  and  they  at  once  took  up  their  residence 
in  Sherman. 

He  died  on  October  15th,  1901,  as  a  result  of  an  attack  of  appen- 
dicitis. 

A  distinguishing  feature  of  all  Mr.  McEean's  work  was  a  con- 
scientious thoroughness  and  absolute  fidelity  to  the  best  interests  of 
liis  employers.  In  his  social  life,  he  was  a  most  agreeable  companion, 
kindly  considerate  of  others,  and  of  unruffled  serenity  under  all 
conditions. 

Mr.  McKean  was  elected  an  Associate  Member  of  the  American 
Society  of  CiTil  Engineers  on  May  2d,  189^ 
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JOSIAH  A.  BRIGGS,  JOHN  F.  O'ROURKE,  HENRY  S.  HAINES, 

G.  H.  BCNZENBERG,  GEORGE  H.  PEGRAM,  CHARLES  C.  SCHNEIDER, 

GEORGE  F.  SWAIN,  THOMAS  H.  JOHNSON,  MORDECAI  T.  ENDICOTT, 

RICHARD  S.  BUCK,  JOSEPH  RAMSEY,  Jr.,  EMIL  KUICHLING, 

WILLIAM  J.  WILGUS.  FRANK  C.  OSBORN.  CHARLES  WARREN  HUNT. 


Special    Committees. 

On  UmroRM  Tests  or  Cement  :— Georgre  S.  Webster,  George  F.  Swain,  Alfred  Noble, 
W.  B.  W.  Howe,  Louis  C.  Sabin,  S.  B.  Newberry,  Clifford  Richardson,  Richard  L.  Hum- 
phrey, F.  H.  Lewis. 

On  Rail  Sections  :->G.  Bouscaren.  C.  W.  Buchholz,  S.  M.  Felton,  Robert  W.  Hunt, 
John  D.  Isaacs,  Richard  Moptfort,  H.  G.  Prout,  Joseph  T,  Richards,  Percival  Roberts, 
Jr.,  George  E.  Thackray,  Edmund  K.  Turner,  William  R.  Webster. 
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The  House  of  the  Society  is  open  from  9  a.m.  to  10  p.m.  every  day,  except  Sundays 
Fourth  of  July,  Thanksgiving  Day  and  Christmas  Day. 

HousB  or  THB  SoGDBTT— 220  WisT  FirTT-siysitTH  Stbsbt,  New  Yobs. 

Telephone  Number,       ...      588  Columbus. 
Cabt^  Address,      ....    "Ceas,  New  York." 
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MINUTES  OF  MEETINGS. 


OP  THE  SOCIETY. 


September  3d,  190a. — The  meeting  was  called  to  order  at  8.85 
p.  M. ,  Bndolph  Hering,  M.  Am.  Hoc.  C.  £.,  in  the  chair;  Assistant 
Secretary  T.  J.  McMinn  acting  as  Secretary;  and  present,  also,  59 
members  and  8  visitors. 

The  minutes  of  the  meetings  of  the  Annual  Convention,  held  at 
Washington,  D.  C,  May  20th  to  23d,  and  of  Jnne  4th,  1902,  were  ap- 
proved as  printed  in  Proceedings  for  August,  1902. 

A  paper  by  B.  C.  McCalla,  M.  Am.  Soc.  C.  E.,  entitled  ''Improve- 
ment of  the  Black  Warrior,  Warrior  and  Tombigbee  Bivers,  in  Ala- 
bama,'* was  presented  in  abstract  by  the  Acting  Secretary,  who  also 
read  discussions  by  Messrs.  W.  L.  Sibert,  George  Y.  Wisner  and  D.  A. 
Watt.  Additional  communications  on  the  subject,  by  Messrs.  John 
M.  Q.  Watt  and  Nat.  A.  Yuille  were  presented  by  title  only.  The 
paper  was  discussed  orally  by  Messrs.  Edward  P.  North  and  Samuel 
[        Whinery. 
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Ballots  for  membership  were  canvassed,  and  the  following  candi- 
dates were  elected. 

As  Mbmbebs. 

Wauteb  EuaENB  Akoieb,  Thebes,  HI. 
Fbedebigk  Thomas  Babcboft,  Detroit,  Mich. 
OiiiyEB  W  Ghilds,  St.  Lonis,  Mo. 
Fbedebigk  Wiluah  Cohen,  Harrisburg,  Pa. 
Stephen  EiiBBiDaE  Coombs,  Cape  Girardean,  Mo. 
WiiiiiiAM  WuiLiAMB  Cbehobe,  New  York  City. 
Gbiffith  Moboan  EiiDBiPOE,  Tampa,  Fla. 
£i#iJOT  HoiiBBOOK,  Kansas  City,  Mo. 
Edwabd  Ten  Eyck  Lansing,  Little  Falls,  N.  Y. 
William  Naylob  McDonald,  Havana,  Cuba. 

As  Associate  Membebs. 

BioHABD  I  Downing  Asbbbidoe,  Philadelphia,  Pa. 

Miles  Cablible  Bland,  Cleveland,  Ohio. 

Abba  HAM  Gideon,  Havana,  Cuba. 

John  Thomas  Hendebson,  Hartford,  Conn. 

Fbancib  Dey  Hughes,  Kansas  City,  Mo. 

Gbobgb  AxiBBbt  Nosila,  New  York  City. 

Henbt  Van  Buben  Osboubn,  Philadelphia,  Pa. 

John  Gates  Pbok,  Albany,  N.  Y. 

Eugene  Evebbtt  Pettee,  Newtonville,  Mass. 

Jambs  Wai/ieb  Bioket,  Minneapolis,  Minn. 

Louis  John  Biegleb,  Allegheny,  Pa. 

Geoboe  Thomas  Bobebts,  Buffalo,  N.  Y. . 

Fbancis  Niooll  Sandebs,  Albany,  N.  Y. 

Moses  Hannibal  Weight,  Nashville,  Tenn. 

The  Acting  Secretary  announced  that  at  the  meeting  of  the  Board 
of  Direction,  September  2d,  1902,  reconsideration  ballots  had  been 
canvassed,  and  that  the  following  candidates  had  been  elected: 


As  Membebs. 

Otto  Mabc  Eidlitz,  New  York  City. 

Hans  August  Evald  Conbad  von  Schon,  Sault  Ste.  Marie,  Mich. 

As  Associate  Membeb. 
Geobgb  Cobbie  Babtbam,  Boston,  Mass. 

The  Acting  Secretary  announced  that  at  the  meeting  of  the  Board 
of  Direction,  September  2d,  1902,  the  following  candidates  had  been 
elected: 
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As  JuinoBs. 

Fbank  liOBN  Campbell  Bo2n>,  New  York  City. 
Harby  Gilbbbt  Bubbowbs,  Brooklyn,  N.  T. 
WiLLiAH  Stewabt  Getohell,  Denver,  Colo. 
Bobebt  Austen  McCuiiLOCH,  Orange,  N.  J. 
BuDOLPH  QuANz,  West  Hoboken,  N.  J. 
CLnrroN  Lebot  Bichabdson,  New  York  City. 
Albert  Ltman  Tbue,  Portland,  Me. 

The  Acting  Secretary  announced  the  following  deaths : 

OscAB  F.  Whitvobd;  elected  Member  December  6th,  1871;  died 
May  2l8t,  1902. 

Abthub  Stanley  Hobby;  elected  Member  June  6th,  1894;  died 
May  28th,  1902. 

Petbb  Milne;  elected  Associate  January  7th,  1896;  died  June  9th, 
1902. 

Milton  Gbosvenob  Howe;  elected  Member  October  16th,  1872;  died 
June  19th,  1902. 

John  Butleb  Johnson;  elected  Member  April  7th,  1886;  died  June 
23d,  1902. 

Iba  Alexandeb  Shaleb;  elected  Junior  July  4th,  1888;  Member 
June  5th,  1895;  died  June  29th,  1902. 

LiOBENzo  BussELL  Clapp;  elected  Member  February  1st,  1888;  died 
Aagnst  13th,  1902. 

William  HawrtiL  Wilson;  elected  Honorary  Member  August  2d, 
1892;  died  August  17th,  1902. 

Edmund  Phillips  Hannafobd;  elected  Member  September  18th, 
1872;  died  August  19th,  1902. 

Adjourned. 

September  17th,  1903.— The  meeting  was  called  to  order  at  8.40 
p.  M.,  J.  A.  Ockerson,  M.  Am.  Soc.  C.  E.,  in  the  chair;  T.  J.  McMinn, 
Assistant  Secretary,  acting  as  Secretary;  and  present,  also,  97  mem- 
bers and  12  guests. 

A  paper  entitled  '*  The  Maintenance  of  Asphalt  Streets,"  by  James 
N.  Hazlehurst,  M.  Am.  Soc.  C.  E.,  was  presented  by  the  Acting 
Secretary. 

The  subject  was  discussed  by  Messrs.  Samuel  Whinery,  N.  P. 
Lewis,  W.  Boardmau  Beed,  A.  Y.  Abbott,  J.  M.  Evans  and  S.  C. 
Thompson. 

The  Acting  Secretary  announced  the  death  of  the  following 
members : 

William  Dubfee  Gelette,  elected  Member  April  Ist,  1885;  died 
April  27th,  1902. 

Henby  Lawbence  Clevebdon,  elected  Associate  Member  March  1st, 
1899;  died  August  27th,  1902. 

Adjourned. 
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ANNOUNCEMENTS. 

The  House  of  tthe  Society  is  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day  and 
Christmas  Day. 

MEETINGS. 

Wednesday,  October  ist,  1901.— 8.30  p.  u. — A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassett,  and 
a  paper  by  Theron  A.  Noble,  M.  Am.  Soc.  C.  E.,  entitled  **  The  Flow 
of  Water  in  Wood  Pipes,"  will  be  presented  for  discussion. 

This  paper  was  printed  in  the  Proceedings  for  August,  1902. 

Wednesday,  October  i5th,  190a.— 8.30  p.  m.— At  this  meeting,  a 
paper,  entitled  "  The  Protection  and  Improvement  of  Foreshores  by 
the  Utilization  of  Tidal  and  Wave  Action,"  by  R.  G.  Allanson-Winn, 
M.  Inst.  C.  E.,  I.,  will  be  presented  for  discussion. 

This  paper  was  printed  in  the  Proceedings  for  August,  1902. 

Wednesday,  November  5th,  190a.— 8.3)  p.  m.~A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper  by  I&aac  Harby,  Jun.  Am.  Soc.  C.  E.,  entitled  "The  Foot- 
bridge for  Building  the  Cables  of  The  New  East  River  Bridge,"  will  be 
presented  for  discusHion. 

This  paper  is  printed  in  this  number  of  Proceedings. 
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ACCESSIONS  TO  THE  LIBRARY. 

From  Augnst  6tli  to  September  9th,  1902. 


DONATIONS,* 


MATERIALS  OP  MACHINES. 


By  Albert  W.  Smith.  Cloth,  7^x6 ins.,  142  pp.,  illus.  New  York, 
John  Wiley  &  Sons,  1902.     81.00. 

In  the  prefatory  note,  the  au^^or  states  that  this  book  is  the  result  of  an  effort  to 
brin^r  tofi^uier  concisely  the  Information  necessary  to  him  who  has  to  select  materials 
for  machine  parts.  The  oAiapter  headings  are:  Outline  of  the  MetaUursry  of  Iron  and 
Steel;  Testlnt?;  Stress-Strain  Diagrams;  Cast  Iron;  Wrought  Iron  and  Steel;  Alloys; 
Selection  of  Material.    There  is  an  Index  of  seven  paf<es. 


TABLES  FOR  CALCULATING  THE  CUBIC  CONTENTS  OP  EXCAVATIONS  AND 
EMBANKMENTS. 

By  John  R.  Hudson,  M.  Am.  Soo.  C.  E.  Third  Edition.  Cloth, 
9  X  6  ins.,  131  pp.     New  York,  John  Wiley  &  Sons.  1902.     81.00. 

The  preface  calls  attention  to  a  short  and  simple  rule,  which,  in  three-level  ground, 
is  well  adapted  to  take  the  place  of  the  ordinary  method  of  "  averaging  end  areas/'  and 
i^tving  the  same  answer,  while  the  process  is  one-third  shorter.  An  example,  given  in  the 
preface,  shows  that  the  entire  process  consists  in  addition,  subtraction,  and  inspection 
of  the  tables,  thus  avoiding  the  errors  likely  to  occur  in  tne  multiplications  forming 
part  of  the  usual  methods.  When  three  heights  are  taken  at  a  station,  the  examples  in 
tlie  preface  show,  by  comparison,  the  advantage  of  usim;  the  methods  of  computing 
earthwork  quuitttles  given  in  this  work.  Forms  for  cross-section  books  are  shown, 
vrhioh  will  be  found  useful  and  convenient  for  recording  and  preserving  field  notes  and 
office  computations  when  these  tables  ere  used. 

Gifts  have  also  been  received  from  the  following: 


Aachen     K5nigliche     Technftsche     Hooh- 

schule.    8  pam. 
Alabama  Great  Southern  R.  R.  Ck>.  1  pam. 
Am.  Inst,  of  Elec.  Engrs.    1  bound  vol. 
Am.  Water-Works  Awoc.    1  vol. 
Belgium— Offlciers  du  Gi^nie  de  V  Arm6e 

^^elge.    1  pam. 
Berlin  KOniguche  Technische  Hochschule. 

1  pam. 
Boston—Dept.  of  Parks.    1  pam. 
Buffalo,  Rochester  &  Pittsburg  Ry.  Co.    1 

pam. 
Canadian  Min.  Inst.    1  vol. 
Central  of  Georgia  Ry.  Co.    1  pam. 
Chicago  &  Eastern  Illinois  R.  R.  Co.  1  pam. 
Chicago  &  North  Western  Ry.  Co.    1  pam. 
Delaware  &  Hudson  Co.    1  bound  vol.,  8 

pam. 
Eckel,  Edwin  C.    1  pam. 
Eng.  Assoc,  of  New  South  Wales.    1  bound 

vol. 
Engrs.  Club  of  Philadelphia.    1  bound  vol. 
Engrs.  Club  of  St.  Louis.    1  bound  vol. 
Geographical  Soc.  of  Philadelphia.  1  pam. 
Gila  Valley,  Globe  &  Northern  Ry.  Co.    1 

pam- 
Great  Britain— Patent  Office.  2  vol.,  5  pam. 
Greenhalge,  F.  T.    8  bound  vol. 
Hannover  ICSnigUche  Technische  Hoch- 
schule.   1  pam. 
Humphrey,  Richard  L.    1  voL 
Indiar-Director  of  Railway  Construction.  1 

bound  vol.,  18  pam. 


India— Pub.  Works  Dept.    1  bound  vol. 

Inst,  of  Civ.  Engrs.    2  bound  vol. 

Iron  and  Steel  Inst.    1  bound  vol. 

Kummer,  F.  A.    1  pam. 

Mass.— Highway  Comm.    7  bound  vol. 

Midland  Ry.  Co.    1  pam. 

Mining  Inst,  of  Scotland.    1  vol. 

Municipal  Engineering.    7  vol. 

N.  Y.  Pub.  Lib.    880  bound  vol.,  194  vol., 

220  pam. 
Parsons,  Arthur  L.    1  pam. 
Quick,  A.M.    1  bound  vol. 
Reissner,  H.    2  pam. 
R.  I.— Commr.  of  Dams  and  Reservoirs.  13 

pam. 
St.  John,   N.   B.— Water   and    Sewerage 

Board.    1  pam. 
Smithsonian  Inst.    1  bound  vol. 
Soc.  Beige  des  Ingdnleura  et  des  Indus- 

trieLs.    1  pam. 
Switzerland— Bureau  Hydrom6trique    F6- 

d6ral.    1  vol. 
Tenn.  Univ.    6  bound  vol. 
Toledo,  Ohio— Water-Works.    1  pam. 
U.  S.  Corps  of  Engrs.    42  specif. 
U.  S.  Geological  Surv.   8  bound  vol.,  1  vol., 

8  pam. 
U.  S.  Weather  Bureau.    8  bound  vol.,  2 

pam. 
Univ.  of  111.  Agricultural  Elxper.  Station. 

4  pam. 
Whipple,  George  C.    1  pam. 
Wis.  Free  Lib.  ComuL    1  vol. 


*  Unless  otherwise  spedfled,  books  in  this  list  have  been  donated  to  the  Library  by 
the  Publisher. 
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BY   PURCHASE. 

Report  on  PniMfaui  Railways.  By  Bobert  Collier.  PreBented  to 
both  Houses  of  Parliament  by  oommand  of  His  Majesty,  February, 
1902.    London,  1902. 

SUMMARY  OP  ACCESSIONS. 

From  Augnst  6th  to  September  9th,  1902. 

Donations  (including  92  duplicates) 934 

By  purchase 1 

Total 935 


A^flhin.]  MEMBBB8HIP — ADDITI0K8.  269 

MEMBERSHIP. 


ADDITIONS. 


Amoixb,  Wai/ter  Euoknx  Membership. 

Bes.  Engr.,  S.  111.  A  Mo.  Bridge  Co.»  Thebes,  J  Aseoo.  M.    Sept.   7,  1892 

m (M.  Sept.   3,1902 

Babgboft,  Fbedebxck  Thomas 

407  Fergoson  Bldg.,  Detroit,  Mich Sept.   8,  1902 

Childb,  Ouyeb  W 

Chf.  £ngr.,  Stnpp  Bros.  Bridge  ft  Iron  Co.,  (  Ab80c.  M.    Sept.    5,  1900 

2301  Sonth  7th  St.,  St.  Loais,  Mo 1  M.  Sept.   3,  1902 

Coombs,  Stxphxh  £iiBBnx» 

510  Granite  Blk.,  St.  Louis,  Mo Sept.    3,  1902 

Cbehobx,  WnxiAM  Wzujams  j  Assoc.  M.    April   4,  1894 

39  Gortlandt  St.,  New  Tork  City 1  M.  Sept.    3,1902 

EmzjTZ,  OtioMabc 

489  Fifth  Ave.,  New  Tork  City. Sept.    2,  1902 

liABszNO,  Edwabd  Tsn  Etok 

City  Engr.,  LitUe  Falls,  N.  T Sept.    3,1902 

YON  ScHOM,  Hans  Auoi78T  Etau)  Conhad 

Chf.  Engr.,  Michigan  Lake  Superior  Power  Co.,  Saolt 
Ste.  Marie,  Mich Sept.   2,  1902 


▲SSOGIATB  mOfBXBS. 

Babtbam,  Gbobob  Cobbib 

Bes.  Engr.,  Phoenix  Bridge  Co.,  153  Milk  St.,  (  Jon.  Jan.  31,  1899 

Boston,  Mass 1  Assoc.  M.    Sept.    2,  1902 

Bland,  Milbs  Cabuslb 

Contr.  Mgr.,  American  Bridge  Co.  of  New  Tork,  418  Cham- 
ber of  Commerce  Bldg.,  Cleveland,  Ohio Sept.    3,  1902 

Fain,  Jambs  Bhba 

Bnb.-Insp.,  U.  S.  Navy  Tard,  Leagne  Island  (Bes.,  2132 
South  Broad  St.,  Philadelphia),  Pa Jane  4,  1902 

OXTBBINOBB,  LOUIB  AMBDBB 

Asst.  Engr.,  I.  ftO.  N.  B.  B.,  Italy,  Tex May     7,  1902 

Huqhbs,  Fbanois  Dbt 

Asst.  Engr.,  Midland  Bridge  Co.,  Box  385,  Kansas  City, 

(Bes.,  220  Sonth  Liberty  St.,  Independence),  Mo Sept.   3,  1902 

Htde,  William  Hbbbebt  j  Jun.  April  30,  1901 

Bavenna,  Ohio (  Assoc.  M.  June    4,  1902 

NosKA,  Gbobob  Albbbt  ( Jnn.  Mar.  31,  1896 

33  East  17th  St.,  New  Tork  City 1  Assoc.  M.  Sept.  3,  1902 

Osboubn,  Hbnbt  Van  Bubbn 

Te  Golden  Swan,  Mount  Airy,  Philadelphia,  Pa Sept    3,  1902 
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Peok,  John  Gatjss  Memberahip. 

483  Hamilton  St.,  Albany,  N.  Y Sept.    3,  1902 

FiTTB,  Thomas  Dobsby 

Chf.   Draftsman,    Tarns,  Lemoine    &  Crane,  j  Jnn.  Dec.    7,  1897 

Naval  Archts.,  62  Pine  St.,  New  York  City.  1  Assoc.  M.    June   4,  1902 
fiiEaiiEB,  LouiB  John 

417  Third  St.,  Allegheny,  Pa Sept.    3,  1902 

THoiffPSON,  Abthttb  Wbbsteb 

Div.  Engr.,  Pittsburg  Diy.,  B.  &  O.  B.  B.,  Cumberland, 
Md June    4,  1902 

assooiatb. 
Gaines,  Fbanklin  LinooiiN 

Yioe-Pres.   and  Gen.   Supt.   of  Constr.,    Grand  Bapids 
Bridge  Co.,  612  Pythian  Temple,  Grand  Bapids,  Mich. .     April  1,  1902 

.JUNIOBS. 

Babnes,  Walteb  Esmond 

45  Lincoln  St..  Maiden,  Mass May     6,  1902 

McCuiiU>CH,  BOBEBT  AUSTEN 

80  Hillside  Ave.,  Orange,  N.  J Sept.    2.  1902 

MiLLBB,  Stanley  AiiFbed 

With  Niool  &  Co.,  Pollock  Bldg.,  Mobile,  Ala Feb.    4.  1902 

Wachteb,  Chables  Lucas 

96  Liberty  St.,  New  York  City June   3,  1902 

Wabneb,  Geoboe  Littleton 

2926  Fifteenth  St.,  N.  W.,  Washington,  D.  C April    1,  1902 

CHANQES  OP  ADDRESS. 

membebs. 

Abbott,  Abthub  Yaughan 8  Bridge  St.,  New  York  City. 

BsABDSLEY,  Jambs  Wallace U.    S.    Asst.   Engr.,   Manila,   Philippine 

Islands. 

BoYNax)N,  Geobgb  Hebbebt Asst.  Engr.,   C,  B.  I.  &  P.  By.  Co.,   610 

Grand  Central  Passenger  Station,  Chi- 
cago, 111. 

Byllesby,  Henby  Manson. 309  Merchants'   Loan  and  Trust  Bldg., 

Chicago,  III. 

CoE,  Wiluam  Watson Engr.,  Contr.  Work,  Branch  Lines,  N.  &, 

W.  By.  Co.,  Kenova,  W.  Ya. 

CuNNiKOHAM,  Andbbw  Oswald Bridge  Engr.,  The  Wabash  B.  B.  Co.,  St. 

Louis,  Mo. 

Dunham,  Chables  Fbedebick Care,  James  Owen,  Montclair,  N.  J. 

Filley,  HiEL  Hamilton Bes.  Mgr.  and  Chf.  Engr.,  The  Guana- 
juato Power  ft  Electric  Co.,  Zamora, 
Michoacan,  Mexico. 

Fbancis,  Gsobge  Blinn Care,  Westinghouse,  Church,  Kerr  &  Co., 

8  Bridge  St.,  New  York  City. 
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Gould,  WiLUAM  TiLiiOTSON Chf.   Engr*8    Office,     Brooklyn    Heights 

B.  R.  Co.,  Franklin  Tmst  Bldg.,  Brook- 
lyn, N.  Y. 

Hjlsskl,  Chables Broad  Exchange  Bldg.,  New  York  City. 

Hazard,  Schxjtleb Re-$.   Engr.,   Catawba  Power   Co.,   Bock 

Hill.  8.  C. 
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Bridges  Molesworth,  M.  Inst.  C.  E.    (63)  Vol.  cxlvili. 
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Heavy  Concrete  Arches.*    (14)  Aug.  80. 
Concrete-Steel  Bridges.*    D.  ti.  Luten.    (60)  Sept. 
The  Bascule  Bridge  at  West  Division  Street,  Chicago.*    (ao)  Sept.  4. 

Electrical. 

The  Testing  of  Combined  Steam-Engine  and  Dynamo  Sets.*    Edwin  Hartree  Rayner, 

Stud.  Inst.  C.  E.    (63)  Vol.  cxlvifl. 
The  Telephonic  Status  Quo.    Arthur  Vaughan  Abbott.    (43)  Apr. 
Telephone  Rates  from  an  Engineer's  Viewpoint.    Franz  J.  Dommerque.    (4a)  Apr. 
Power  Consumption  of  Elevators  Operated  by  Alternating  and  Direct  Current  Motors. 

Qeorge  F.  Sever.    (4a)  Apr. 
Telpherage.*    Charles  M.  Clark.    (4a)  Apr. 
The  New  Generating  Plants  of  the  Niagara  Falls  Power  Company.*    H.  W.  Buck.    (43) 

May. 
Notes  on  the  Theory  of  the  Synchronous  Motor,  with  Special  Reference  to  the  Phenom- 
enon of  Surging.    Charles  Proteus  Steinmetz.    (4a)  May. 
A  Metliod  of  Compounding  Alternating  Current  Generators  aod  Motors,  Direct  Current 

Generators,  Synchronous  Motor-Generators  and  Synchronous  Converters.*    Frank 

George  Baum.    (4a)  May. 
Formula  for  Calculating  the  Electromotive  Force  at  any  Point  of  a  Transmission  Line 

for  Alternating  Current.    M.  Leblanc.    (4a)  Mi^. 
An  Experiment  with  Single-Phase  Alternators  on  Polyphase  Circuits.    C.  O.  Mailloux. 

(4a)  May. 
Energy  Loss  in  Commercial  Insulating  Materials  when  Subjected  to  High  Potential 

Stress.    Charles  Edward  SIcinner.    14a)  May. 
Report  of  the  Committee  on  Standardization.    American  Institute  of  Electrical  Engi- 
neers.   (4a)  May. 
The  Determination  of  Alternator  Characteristics.    L-juis  A.  Herdt.    (4a)  May. 
A  New  Curve  Tracing  Instrument.    Robert  B.  Owenb.    (43)  May. 
The  Function  of  Shunt  and  Series  Resistance  in  Lightning  Arresters.    Percy  H.  Thomas. 

(4a)  May. 
The  electrostatic  Wattmeter  in  Commercial  Measurements.     Miles  Walker.     (43) 
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Storage  Batteries  in  Mills  and  Factories.    E.  Vail  Stebbins.    ( 1 )  July. 
Newcastle  and  District  Electric  Lighting  Company's  Power  Station.*    W.  D.  Hunter. 

( Paper  read  before  the  Inst,  of  Mech.  Engrs. )    (11)  Aug.  1. 
Some  Suggestions  with  regard  to  Electric  Motor  Installations.     Alfred  H.  Mayes.    (a6> 

Aug.  1. 
The  Electric-Supply  Power  Station  at  Neptune  Bank.  Newcastle-upon-Tyne.*    W.  B. 

Woodhouse,  Assoc.  M.  tnst.  M.  E.    (Paper  read  before  the  Inst,  of  Mech.  Engrs.  > 

(11)  Aug.  1. 
The  Correct  Type  of  Engine  for  Large  Generating  Stations.    A.  A.  Day.    (Paper  read 

before  the  Incorporated  Municipal  Electrical  Assoc. ^    (47)  Aug.  2. 
The  Old  and  the  New  Electrical  Theory.     Alex.  P.  Trotter.     (a6)  Serial  beginning 

Aug.  8. 
Missouri  River  Power  Company's  60  000-Volt  Transmission  Plant.*    A.  W.  Clapp.    (37) 

Aug.  9. 
Electric  Lighting  and  Power  in  San  Francisco.*    (36)  Aug.  16. 
Direct  Measurement  of  Wattless  Power.    Budd  Franlcenfleld.    (37)  Aug.  16. 
Uigh-Teneion  Circuit  Safeguards*    Joseph  Marrin  Roman.    (37)  Aug.  16. 
High  Tension  Continuous-Current  Systems.*    A.  S.  Barnard.    (Paper  read  before  the 

Incorporated  Municipal  Elec.  Assoc.)    (47)  Aug.  16. 
Safety  io  Elevators.    O.T.  Shepard.    (37)  Aug.  16. 
The  Manufacture  of  an  Incandescent  Lamp*    ( 37)  Aug.  16. 
The  Largest  Electrical  Transmission  of  Water  Power  in  Massachuaettfl.*    Alton  D. 

Adams.    (37)  Aug.  16. 
Success  in  Long  Distance  Electric  Power  Transmission.    F.  A.  C.  Perrine.    (Paper  read 

before  the  Boston  Society  of  Arts.)    (13)  Aug.  21:  (30)  Aug.  21. 
The  Storey  Variable-Speed  Electric  Motor.*    (13)    Aug.  21. 
Electrical  Equipment  of  the  C.  &  C.  Shaft  of  the  Consolidated  California  &  Virginia 

Mining  Company.*    Leon  M.  Hall.    ( 13)  Aug.  21;  (14)  Aiig.  28  ;  ( 16)  Aug.  28. 
On  Some  Phenomena  Affecting  the  Transmission  of  Electric  Waves  over  the  Surface  of 

the  Sea  and  Earth.    H.B.Jackson.    (Paper  read  before  the  Royal  S3clety.)    (a6) 

Serial  beginning  Aug.  22. 
Armature  (Jore  Discs  for  Continuous-Current    MachiDes.*     Fred.  W.  Davies.     (a6) 

Aug.  22. 
Borne  Inibaresting  Applications  of  Small  Motors.*    (47)  Aug.  28. 

*  Illustrated. 
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Elect  ricaf— Continued. 

Portable  Electric  Drill.*    (47)  Aur.  88. 

Horn  Lightning-Arresters  with  Iron  FramiDe.*  Eugen  Klein.  (Reprinted  from  the 
Elektroteckniache  Zeit»chri/t.)    (19)  Aug.SS. 

The  Fesaenden  Wireless  Telegraph  Patents.    A.  Frederick  CoUlas.    (27)  Aug.  88. 

Electric  Motors:  Definitions  and  Functions.*  F.  J«  A.  Matthews,  A.  M.  I.  E.  E.  (47) 
Serial  beginning  Aug.  88. 

Electrical  Resonance  and  Its  Relation  to  Syntonic  Wireless  Telegraphy.*  A.  Frederick 
Collins.    (46)  Serial  beginning  Aug.  83. 

Electricity  in  Ore  Handling.*    Waldon  Fawcett.    (6a)  Aug.  88. 

The  Hou«ng  of  a  Telephone  Plant.*    Herbert  I^aws  Webb.    (17)  Aug.  80. 

Underg^round  Work  for  Telephone  Exchanges.  Arthur  V.  Abbott.  (37)  Serial  begin- 
ning Aug  80. 

Use  of  Storage  Batteries  in  Electric  Distribution  Systems.  A.  A.  Dion.  (Abstract  of 
paper  read  before  the  Canadian  E3ec.  Assoc.)    (47)  A.ug.  80. 

The  DeTelopment  of  the  Oalvanometer.    J.  Wright.  ( 10)  Sept. 

Transport  d'Knergie  par  Courant  Contlnu  de  Saint-Maurice  A  Lausanne.*    A.  Dumas. 

Pont^oulant  Eiectrique  de  Soixante  Tonnes  dee  Forges  Nationales  de  la  Chaussade.* 

Ch.  Dantin.    (33)  Aug.  16. 
Installation  filectrique  dee  Forges  et  Acidries  de  Parkgate  (Angleterre).    Ch.  Dantin. 

(33)  Aug.  28. 

Marine. 

Liquid  Fuel  for  Steamships.*  Edwin  L.  Orde.  (Paper  read  before  the  Inst,  of  Mech. 
Engrs.)    (II)  Aug.  1:  (47)  Aug.  80;  abstract  (13)  Aug.  81. 

Handling  Steel  in  Ship  Tu^s.*    Waldon  Fawcett.    (6j)  Aug.  7. 

Messrs.  Swan  and  Hunter's  Shipyard.*    (11)  Aug.  8. 

The  Recent  Belleisle  Experiment.*    Fred  T.  Jane,    (la)  Aug.  8. 

The  Stirling  Marine  Boiler.*    da)  Aug.  8. 

The  Great  Floating  Docks  of  Bermuda  and  Algiers,  La.    Robert  C.  Fyfe.    (46)  Aug.  0. 

A  Review  by  Decades  of  American  Deep- Water  Steamers  in  the  Atlantic  Coastwise  Ser- 
vice.*   Ray  Morris.    115)  Aug.  15. 

The  New  (German  High-Speed  Liner  Kaiser  WUhelm  JL*    (11)  Serial  beginning  Aug.  15. 

The  Battleships  Cbnn«c/tcuf  and  Louwtona.*    (46)  Aug  88. 

Report  of  the  British  Admiralty  Ck>mmittee  on  Naval  Boilera    (13)  Sept  4. 

Mechanical. 

Brick-Making.*    George  I.  Allen.    (S9)  Vol.  xxiv. 

Coke-Makim?  at  the  Oliver  Coke- Works.*    Fred.  C.  Kelghley.    (59)  Vol.  xxiv. 

American  Workshop  Methods  in  Steel  Construction  (Pencoyd  Bridge  Works).*    Henry 

Bridges  Molesworth,  M.  Inst.  C.  £.    (63)  Vol.  cxlvili. 
Motive  Power  from  Blast-Fumace  Oases.    Bryan  Donkin,  M.  Insk  O.  E.     (63)  Vol. 

cxlvili. 
The  Testing  of  Combined  Steam-Engine  and  Dynamo  Sets.*    Edwin  Hartree  Rayner, 

Stud.  Inst.  C.  E.    (63)  Vol.  cxlviil. 
The  Power  Plant  of  the  New  Union  Station.    D.  B.  Klnch.    (58)  July. 
Modeni  Retort-House  Practice.*    W.  B.  McLusky.    (Paper  read  before  the  North  British 

Assoc,  of  Gas  Enflrrs.)    (66)  July  89;  (34)  Aug.  11. 
Coal  and  Coke  Handling  Plant  in  France.*    (66)  Aug.  5. 
Corrosion  and  Pitting  of  Steam  Boilers.*    J.  C.  William  Greth.    (6a)  Aug.  7. 
Some  Special  Tools  at  the  Fore  River  Shipyard  *    (ao)  Aug.  7. 
Some  Experiments  on  Steam-Engine  Economy.*    R.  L.  Welghton.    (Paper  read  before 

the  Inst,  of  Mech.  Engrs.)    (ii)  Aug.  8;  (la)   Aug.  8;  (47)  Aug.  9;  (13)  Aug.  81; 

^6a)  Sept  4. 
Rteam  Motor  Lorry.*    ( la)  Aug.  8. 
Liquid  Fuel  for  Steam  Purposes.    ( 19 )  Aug.  9. 
The  Westinghouae  Single- Acdng  Compound  Engine.*    (47)  Aug.  9. 
Pumping  Plant  for  Condensing  Water.*    Charles  Hopkinson.    (Paper  read  before  the 

Inst,  of  Mech.  Eners  )    (47)  Aug.  9. 
Power  Plant  of  the  Central  Lard  Company,  Jersey  City,  N.  J.*    (14)  Aug.  9. 
The  "Duplex"  Gas-Meter.*    (66)  Aug.  18. 
Some  Experiences  wiih  Condensinir  Plant.    Wm.  Currie.    (Paper  read  before  the  Norih 

British  Assoc,  of  Gas  Mgrs.)    (a4)  Aug.  18. 
The  Limit  of  Temperature  Usefulness  in  the  Mantle  Light.    W.  H.  Blrchmore.    (a4) 
^  Aug.  la 
The  Methane-Hydrogen  Water-Gas  Plant  at  Sligo.*    C.  B.  TuUy.    (Paper  read  before  the 

Irish  Assoc,  of  (^as  Mgrs.)    (66)  Aug.  19. 
Dellwlk-Fleischer  Water-Gas  Plant  at  Nuremberg.    (66)  Aug.  19. 
A  New  Machine  for  Unloading  Ore  and  Coal.*    ( aa )  Aug.  88. 
Notes  on  the  Manufacture  of  Weldless  Steel  Tubes  by  the  Mannesmann  Process.*    J.  H. 

H.  Barr^e.    (Paper  read  before  the  South  Wales  Inst,  of  Engrs.)    (a 2)  Aug.  88. 
Qnadruplex  Two-Stage  Air  Compressors.*    (la)  Aug.  88. 
Test  of  a  Diesel  OilEngine.*    (la)  Aug.  88. 

The  Boston  Pneumatic  Tube  Service.*    F.  D.  Sabine.    (15)  Aug.  88. 
The  Otto-Hilgenstock  Coke  Oven.*    (47)  Aug  88. 

*  Illustrated. 
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MecfaAnlcal— Continued. 

Compreft«ed  Air  Calculations.    W.  C.  Popplewell,  A.  M.  Inst.  C.  E.    (47)  Serial  beginning 

AufiT.  88 
Fuel  Conditions  in  California.    J.  L.  Howard.    (Paper  read  before  the  Faciilc  Coast  Qas 

Assoc.)    (34)  Aug.  26. 
Some  Points  About  the  Properties  and  Testing  of  Carburett<Hi  Water  Gas.    C.  R.  Tich* 

borne.    (Lecture  before  the  Irish  Assoc,  of  G^  BisTS. )    (66)  Aug.  96. 
Theory  of  the  Incandescent  Hantle.    A.  H.  White  and  A.  F.  Tracer.    (Reprinted  from 

the  Journal  of  the  Society  of  Chemical  Industry.)    (66)  Aug.  96. 
A  New  8800-H.  P.  Oas  Engine  Installation  for  High-Pressure  Fire  Service  in  Philadel- 
phia.*   (13)  Aug.  28. 
A  Rolling  MillEngine  of  6  000  H.  P.*    (13)  Aug.  98. 

Thp  Mechanical  Plant  in  a  Newark,  N.  J.,  Department  Store.*    (14)  Aug.  80. 
Economv  Derived  from  Reheating  Compressed  Air.*    (ax)  Sept. 
Gas  Engmes  at  the  Dusseldorf  Eiq^oeition  Compared  witn  Present  American  Practice.* 

(41)  Sept.  '^ 

Efficiency  of  De  Laval  Steam  Turbine.    J.  Emile  Coleman.    (64)  Sept. 
Petroleum  as  Fuel.    William  Kent.    (64)  Sept. 
Bonar  Steam  Trap.*    (63)  Sept.  4. 

The  Hoover  &  Mason  Ore  Handling  System.*    (ao)  Sept.  4. 
Power,  Lighting  and  Heating  at  the  Du  Bois  Shops  of  the  Buffalo,  Rochester  &  Pittsburg 

Ry.*    (14)  Bepi.  6. 
The  Steam  Plant  of  the  Carpenter  Steel  Company,  Reading,  Pa.*    (14)  Sept.  6. 
Recherches,  Etudes,  Observations  et  Essais  sur  la  Production  des  Gaz  des  Gazogdnes  et 

des  Hants  Foumeauz  sur  leur  £puration  et  leur  Emploi  par  les  Moteurs  k  (mm.*    A. 

Lencauchez.    (3a)  June. 
Turbine  ik  Vapeur  de  Laval:  Son  D4veloppement,  SesDemiersPerfectionnementsetSes 

Nourelles  Applications.*    K.  Sosnowski.    (37)  July. 
Projet  d*Ex6cunon  d'A6rostats  non  Mont6s  Capables  de  Traverser  le  Sahara;  Ballon  de 

1000  Mdtres  Cubes  Ballon,  Agrds  et  Apparaux.*    L60  Dex.    (36)  July  95. 
Pompes  &  Vapeur,  &  Grande  Vitesse,  Systeme  Riedler.*    (34)  Aug. 
Construction  des  Moteurs  A  Explosions  et  k  Grande  Vitesse.     Louis  Berger.     (36) 

Aug.  10. 
Trannporteur  Monorail  A6rien:    Systdme  Anuand  et  Koch.*     G.  EspitalUer.     (33) 

Aug.  28. 

Metallurgical. 

Mining  and  Treatment  of  Copper-Ore  at  the  Wallaroo  and  Moonta  Mines,  South  Aus- 
tralia.*   H.  Lipson  Hancock.    (59)  Vol.  xxiv. 

Equilibrium  of  Iron-Carbon  Svstems.*    G.  Charpy  and  L.  Grenet.    (3)  Aug. 

Mechanical  Production  of  Puddled  Iron.*  James  P.  Roe.  (Presented  at  the  Amer.  Inst, 
of  Min.  Engrs. )    (6a)  Aug.  7. 

The  Metallurgy  of  the  Cupola.    H.  E.  Field.    (47)  Aug.  9. 

The  Colorado  Fuel  &  Iron  Company;  Additions  and  Improvements  to  the  Minnequa 
Works  at  Pueblo.  *    ( ao )  Aug.  14. 

Electrolytic  Production  of  Metals,  with  Special  Reference  to  (Topper  and  Nickel.  Wm. 
Koehler.    (Paper  read  before  the  Canadian  Min.  Inst.)    (19)  Aug.  98. 

Armour-Plate  Making  in  the  United  States.*    Charles  0*NeiL    (10)  Sept. 

Note  sur  la  Fabrication  deTAcier ''Thomas."    Audr6  de  Riva-Bend.    (34)  Aug. 

MlliUry. 

The  Krupp  Exhibit  at  the  Dusseldorf  Exposition.*    ( 19)  Serial  beginning  Sept.  6. 
Les  Blindages  &  TExposition  de  Dusseldorf.    L.  Bacl6.    (33)  Aug.  28. 

Mining. 

Description  of  Underground  Haulage  at  Mossblown  Colliery,  Ayrshire.*  James  Balrd. 
(89)  Pt.  4. 

Mining  and  Treatment  of  Copper-Ore  at  the  Wallaroo  and  Moonta  Mhies.  South  Aus- 
tralia.*   H.  Lipson  Hancock.    (59)  Vol.  xxiv. 

A  New  Diagram  of  the  Work  of  Mine  Ventilation.    H.  W.  G.  Halbaum.    (99)  Vol.  xxiv. 

The  Imperfect  Pulverization  of  Rocks  by  Means  of  Stamping,  and  Suggestions  for  Its 
Improvement.    E.  D.  Chester.    (59)  Vol.  xxiv. 

History  and  Development  of  the  Frias  Silver  Mines.*  Arthur  James  Russell,  Assoc.  M. 
Inst.  C.  E.    (63 )  Vol.  cxlviii. 

Diiferent  Methods  of  Mine  Haulage  Compared.*  B.  F.  Jones.  (Paper  read  before  the 
Western  Pennsylvania  Central  Min.  Inst.^    (45)  Aug. 

Cornish  Pumps;  their  Construction  and  Method  of  Operation  as  Illustrated  In  the 
Galena- Joplin  District,  Missouri.*    W.  R.  Crane.    (45)  Aue. 

Ore  in  Sight;  Importance  In  the  Data  Used  in  Estimating  it;  Illustrations  of  Erroneous 
Methods.*  J.  D.  Kendall.  (From  paper  read  before  the  Inst,  of  Mining  and  Metal- 
lurgy.)   (45)  Aug. 

Coal  Cutting  and  Drilling  Appliances  in  Mines.*  R.  H.  Wainford.  (Paper  read  before 
the  Inst,  of  Mech.  Engrs.)    (aa)  Aug.  1 ;  (11)  Serial  beginning  Aug.  16. 

Electrically-Driven  WincUng  Engines.*    (11)  Aug.  1. 

The  Erection  of  the  New  Headstocks  at  Manners  Colliery.*    (aa)  Aug.  8. 

New  Methods  of  Deep  Boring.*    (aa)  Aug.  15. 

*  Illustrated. 
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Mi  Bins:— Con  tinned. 

Systems  of  Electric  Power  for  Soft  CotA  Mines.    John  Price  Jackson  and  William  P. 

'Cochran.    (i6)  Aug.  16. 
Bleotrical  Equipment  of  the  C.&  C.  Shaft  of  the  Consolidated  California  &  Virginia 

Mining  Company.*    Leon  M.  Hall.    (13)  Aug.  81;  (14)  Aug.  88;  (i6)  Auflr.  88. 
Mining  Industry  and  Mineral  Resources  of  British  Columhia.*    Wm.  M.  Brewer.    (9) 

Sept. 
The  Steam  Shovel  in  Mining:  Its  Use  in  the  Lake  Superior  Iron  Ore  Districts  in  the 

United  States.*    A.  W.  Robinson,  M.  Am.  Soc.  C.  £.    (10)  Sept. 
Le  Bassin  HouiUer  du  Nord  de  la  Belgique.*    £mile  Sarze.    (30)  Aug. 
Installation  d'Elzhaure  des  Mines  de  rHorcajo  (E8pc^;ne).*    (33)  Aug.  16. 

MlscellaacoHS. 

The  National  Bureau  of  Standards.    8.  W.  Stratton.    (4)  Aug. 
The  Metric  System  of  Weights  and  Measures.    (4)  Aug. 
Contiact  Troubles.    (14)  Aug.  88. 

Mnnklpal. 

Specifications  for  Street  Sprinkling  Trucks,  New  York  Department  of  Street  Cleaning. 

(1^)  Aug.  7. 
TarMa'-adam.    George  H.  Owen.    (Extracts  from  paper  presented  to  the  Bfidland 

Municipal  Officers' Assoc.)    (14)  Aug.  9. 
Notes  Concerning  Road  Construction.    (14)  Auk.  80. 
Cost  of  Light  In  Municipal  and  Private  Gas  ana  Electric  Plants.  Alton  D.  Adams.  (60) 

Sept. 

RallroMl. 

Automatic  Coupling.    John  Lionel  Crldlan,  Stud.  Inst.  C.  E.    (63)  Vol.  oxlvii. 

Light  Railways.    George  Hay  Whjgham,  Stud.  Inst.  C.  E.    (63)  voL  cxlvU. 

Train  Resistance.*    John  Audley  FYederick  Aspinall,  M.  Inst.  C.  E.    (63)  Vol.  oxlvii. 

Relative  Advantages  of  Long  Easy  Gradients,  and  of  Short,  Steep  Inclines,  for  Ascend- 
ing Mountain  Passes.    Walter  Meri vale,  M.  Inst.  C.  E.    (63)  vol.  cxlvii. 

Railway  Surveying  on  the  Pipli  Ghat.*  Gordon  Risley  Heam,  Assoc.  Inst.  C.  E.  (63) 
Vol.  cxlviii. 

Repairs  to  and  Maintenance  of  the  Pretoria  Eastern  Railway.*  George  Bransby  Wa> 
liams,  Assoc.  M.  Inst.  C.  E.    (63)  Vol.  cxlviii. 

Method  of  Ascertaining  by  Means  of  a  Dynamometer  Car  the  Power  Required  to 
Operate  the  Trains  of  the  New  York  Central  and  Hudson  River  Railroad  between 
Mott  Haven  Junction  and  Grand  Central  Station,  and  the  Relative  Cost  of  Operation 
by  Steam  and  Electricity.*    Bion  J.  Arnold.    (4a)  May. 

Comparative  Acceleration  Tests  with  Steam  Locomotive  and  lUectrlc  Motor  Cars.  B.  J. 
Arnold  and  W.  B.  Potter.    (4a)  May. 

A  Description  of  the  Westinghouse  Electro-Pneumatic  Interlock  Switch  and  Signal  Sys- 
tem Installed  in  the  YardB  of  the  Pennsylvania  Union  Station,  Pittsburg,  Penna.,  by 
the  Union  Switch  and  Signal  Company.*    J.  G.  Schreuder.    (58)  July. 

The  New  Union  Station,  P.  R.  R.,  Pittsburg,  Pa.;  the  Location,  Preparation  of  Site 
Approaches,  Elevated  Tracks  and  Train  Sheds.*    G.  C.  Clark.    (58)  July. 

Construction,  Design,  etc.,  of  the  New  Union  Station  for  the  Pennsylvania  Railroad, 
Pittsburg,  Pa.    J.  G.  Giaver.    (58)  July. 

Chilled  Cast  Iron  Wheels.    C.  H.  Vannier.    (ai)  Aug. 

Passenger  Locomotive  for  the  Chesapeake  &  Ohio  Ry.*    (39)  Aug. 

A  New  Method  of  Steel  Car  Construction.*    (39)  Aug. 

Metre-Gauge  Locomotive.*    (11)  Aug.  1. 

The  Cape  to  Cairo  Railway.*    ( la)  Serial  beginning  Aug.  1. 

Consolidation  Locomotive  for  the  New  York,  Chicago  and  St.  Louis.*    (15)  Aug.  8. 

The  Constructive  Features  of  the  Goodwin  Car.    John  M.  Goodwin.    (15)  Aug.  8. 

The  Guayaquil  and  Quito  Rall-vay  of  Ekiuador.*    (40)  Aug.  8. 

The  Application  of  Cylindrical  Steam-Distributlng  Valves  to  Locomotives.*  Walter  M. 
Smith,  M.  Inst.  M.  £.  (Paper  read  before  the  Inst,  of  Mech.  Engrs.)  (11)  Aug.  8; 
(13)  Aug.  88;  (47)  Serial  beginning  Aug.  16;  abstract  (la)  Aug.  15. 

Twelve- Wheel  Paaaenger  Locomotive  for  the  Missouri  Pacmc  Railway.*  (18)  Aug.  0; 
(39)  Aug. 

Examples  of  Recent  Practice  in  the  Construction  and  Equipment  of  Railway  Round- 
houses.* (Report  of  Committee  of  the  Railway  Master  Mechanics'  Assoc.)  (13) 
Aug.  14. 

Electric  Interlocking  at  Bridee  Junction.*    (15)  Aug.  16. 

The  Railroad  through  Salt  Lake.*    (40)  Aug.  15, 

Meter-Gage  Fairlie  Engines  for  the  Burma  Railway  Company.*    ( 19)  Aug.  16. 

The  Omaha  Railway  Shops  at  St.  Paul.*    (40 )  Aug.  28. 

The  Re-building  of  the  Baltimore  and  Otiio  Railroad.*    (15)  Aug.  28. 

Modern  Electric  Block  Signaling.*    E.  F.  Bliss,    (aj)  Au^ .  88. 

The  Pennsylvania  R.  R.  Trainshed,  Pittsburg,  Pa.*    (14)  Aug.  88. 

A  New  Locomotive  Fuel  Economizer  and  Smoke  Consumer.*    (13)  Aug.  88;  (39)  Sept. 

Improvements  at  the  St.  Paul  Union  Depot.*    ( 15 )  Aug.  29. 

Tbndem  Compound  Consolidation  Locomotives  for  the  Erie  R.  R.*  (18)  Aug.  80;  (15) 
Sept.  6;  (39)  Sept. 

MUustrated. 
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Railroad— Continued. 

Modern  Water  Supply  Stations  for  Locomotlyes.*    ( 18)  Aug.  80. 

Railroad  Coaling  Stations.    08)  Aug.  80. 

The  DeOlebn  Four-Cylinder  Compound.    A.  G.  deGlehn.    (as)  Sept. 

Oil  Storage  Station,  Hoosac  Tunnel.  Boston  and  Maine  Railroad.*    (ax)  Sept. 

Tandem  Compound  Consolidation  Freight  Locomotives,  Erie  Railroad.*    (as)  Sept. 

New  Six-Coupled  Passenger  Locomotives,  Chesapeake  and  Ohio  Railway,   Missouri 

Padflc  Railway.*    (as)  Sept. 
Tractive-Power  Formul8B>    George  F.  Summers.    (»s)  Sept. 
New  Air-Brake  Instruction  Car,  New  York  Central  and  Hudson  River  Railroad.*    (as) 

Sept. 
Orapblcal  Method  of  Finding  Limit  Diameters  for  Car  and  Tender  Axles.*    R.   B. 

Kendig.    (as)  Sept. 
Ten- Wheel  Passenger  Locomotive,  Mexican  National  Railway.*    (as)  Sept. 
British  Tank  Locomotive  Types.*   J.  F.  Gaims.    (10)  Sept. 
60-Ton  Steel  Coal  Car,  with  westinghouse  Friction  Draft  Gear;  Pennsylvania  R.  R.* 

(13)  Sept.  4. 
Board  of  Trade  Control  over  Railroads  in  Great  Britain.    H.  Raynor  Wilson,  (is)  Sept. 

5. 


(38) 
Aug. 

Quelques  Mots  Relatifs  aux  Cabines  d'Endenchements.    M.  Cossmann.    (38)  Aug. 
Transporteur  Electrique  de  Wagons  &  Vole  Normale  sur  des  Voles  Btroites.*    A.  Taveau. 
(33)  Aug.  28. 

Railroad,  Street. 

Some  Notes  on  European  Practice  in  Electric  Traction  with  Three-Phase  Alternating 

Currents.*    Carl  L.  De  Muralt.    (4a)  Apr. 
A  Novel  Combination  of  Polyphase  Motors  for  Traction  Purposes.*   Ernst  Danlelson. 

(4a)  Apr. 
A  Study  of  the  Heating  of  Railway  Motors.    A.  H.  Armstrong.    (4a)  May. 
New  Electro- Pneumatic  System  of  Eiectric  Railway  Construction.  Bion  J.  Arnold.  (4a) 

May. 
Problems  of  Electric  Railways.    J.  Swinburne  and  W.  R.  Cooper.     (Read  before  the 

Inst,  of  Elec.  Engrs. )    (ai )  Serial  beginning  Aug. 
The  Storm  Block  Signal  System.*    (17)  Aug.  0. 
Loop  Terminals  and  Transfer  Station; Metropolitan  Elevated  R.  R.,  CHiicago.*  (13)  Aug. 

The  CniveUier  Surface  Contact  System.*    (11)  Aug.  16. 

Power  Brakes  for  Tramcars.    (47)  Aug.  16. 

Block  Signal  Systems  for  Electric  Railways.    H.  D.  Emerson.    (17)  Aug.  16. 

Tube  Railways  in  London.  P.  V.  McMahon.  (Paper  read  before  the  International  Tram- 
ways Uniou.)    (17)  Aug.  16. 

The  Pacific  Electric  Railway  Equipment.*    (17)  Aug.  28. 

Proposed  (Changes  in  New  (Orleans  Railways.*    (17)  Aug.  88. 

Street  Car  Brakes.  M.  Poets.  (Abstract  of  paper  readbefore  the  International  Tram- 
ways Union.)    (17}  Aug.  28. 

Systems  of  Mechanical  Traction  for  Street  Railways.  B.  A.  ZUfer.  (Abstract  of  paper 
read  before  the  International  Tramways  Union. )    (17)  Aug.  88. 

Electric  Railways  in  Berlin:  The  New  Electric  Underground  and  Elevated  Lines.*  Frank 
H.  Mason.    (10)  Sept. 

His^  Speed  Electric  Intern rban  Railways.*    George  H.  Gibson.    (9)  Sept. 

The  Tramway  system  of  Halifax,  England.*    (17)  Sept.  6. 

New  Power  Station  and  Car  House  at  Manchester,  England.*    (17)  Sept.  6. 

A  Graphical  Method  of  Makln?  Time-Speed  Curves.    Walter  S.  valentine.    (17)  Sept  6. 

Recent  Improvements  on  the  Metropolitan  Railway  of  Paris.*    (17)  Sept.  6. 

An  Important  Interurban  Road  in  Southern  Ohio.*    (17)  Sept.  6. 

New  Conduit  Work  of  the  Brus8<>l8  Tramway  Company.*    ( 1 7)  Sept.  6. 

Le  C^hemin  de  Fer  M6tropolitan  £lectrlque  de  Berlin.*    (38)  Aug. 

Tramways  Electrique  de  Marseille:  Station  Centrale  et  Sous-Stations  de  Transforma- 
tion.*   H.  Dubs.    (33)  Aug.  9. 

Sanitary. 

The  Discharge  of  Sewage  into  a  Tidal  Estuary.*    William  Kaye  Parry,  M.  Inst.  C.  E.,  and 

Walter  Ernest  Adeney.    (63)  Vol.  cxlvU.  ^ 

The  Sewerage  Systems  of  Sydney,  N.  S.  W.,  and  Its  Suburbs.*    Joseph  Davis,  M.  Inst.  C. 

E.    (63)  Vol.  cxlvill.  „     _ 

The  Bacterial  Treatment  of  Trades  Waste.*    William  Naylor,  Assoc.  M.  Inst.  C.  E.    (63) 

Vol.  cxlviU. 
An  Important  Decision  Concaming  River  Pollution  by  Sewage.    (14)  Aug.  16. 
The  Stoddart  Continuous  Sewage  Filter.    (14)  Aug.  28. 
Ventilating  and  Heating  the  Worcester,  Mass.,  High  School.*    C14)  Aug.  88. 
Some  Points  in  the  Construction  of  the  Continuous  Sewage  Filter.    F.  Wallis  Stoddart. 

(Abstract  of  paper  read  before  the  Incorporated  Assoc,  of  Municipal  and  County 

Engrs. )    (13)  Aug.  88. 

*  lUustrated. 
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Sanitary— Continued. 

A  27  and  8D-iDCh  Concrete  Sewer.*    (14)  Auf.  80. 
Sewage  PuriflcatioD  Experiments  at  YorkrEnfcland.    (14)  Sept.  6. 
I^e  Chauffaee  de«  Batiments  au  Moyen  de  la  Vapeur  k  Trds  Basse  Preasion:  Note  de 
Mission.*    M.  Heyninx.    (30)  Aug. 

Structural. 

The  Constructional  Woods  of  British  Guiana.    Luke  Mullock  Hill,  M.  Inst.  C.  E.    (63) 
Vol.advii. 

The  U.  S.  Government  Harbor  Improvements  and  Naval  Coal  Storage  Plant  at  Manila.* 


( i^)  Aug.  7. 
Mode 


A  Modem  Steel  and  Concrete  Elevator.*    (40)  Aug.  8.         ' 

Nickel  Steel.*    ( 15)  Aug.  8. 

The  Present  Condition  of  Timber  Preserving  in  the  United  States,     (ia)  Aug.  8. 

The  Chemical  Analysis  of  Portland  Cement;  Its  Possibilities  and  Its  Limitations  Richard 

K.  Meade.  (Paper  read  before  the  Amer.  Sec.  of  the  International  Assoc,  for  Testing 

Materials^    (67)  Aug;  (14)  Aug.  0. 
The  Sangley  Point  Cjaling  Piant.*    (14)  Aug.  9. 


Materials^    (67)  Aug;  (14)  Aug.  0. 
>  Sangley  Point  Cjaling  PJant.*    (14)      _ 
CeUar  Biacing  in  the  New  York  Stock  exchange.*    (14)  Aug.  16. 


Concrete-Steel.  Prof.  Brik.  (Reprinted  from  Oeaterr.  VVochenschr.  f.  d.  Oeffentl.  Bau- 
dierutt.)    (14)  Aug.  88. 

The  Pacific  Portland  Cement  Company's  Works.*  Watson  Vredenburgh,  Jr.  (14) 
Aug.  80. 

The  Testing  of  Structural  Biaterials.    Paul  Kreuzpointner.    (10)  Sept. 

Steel  Dome  for  West  Baden,  Ind.,  Hotel;  The  Largest  Dome  in  the  World.*  (13) 
Sept.  4. 

Uralite:  A  New  Fireprooflng  Material.    (13)  Sept.  4. 

The  Blair  Building.  New  York.*    (14)  Sept.  6. 

Fall  of  the  CampanUe  of  St.  Mark^s  Venice.*  Luca  Beltrami.  (Abstract  of  paper  pre- 
sented to  the  Royal  Inst,  of  British  Archts.)    (14)  Sept.  6. 

The  Rapid  Ageing  and  Fireprooflng  of  Wood.    ( 19)  Sept.  6. 

Le  Stehage  des  Bois.    J.  Loubat.    (36)  Aug.  10. 


Topographical. 

The  Connection  of  Underground  and  Surface  Surveys.    G.  R.  Thompson.    (59)  Vol. 

xxiv. 
A  New  C^vil  and  Mining  Engineer's  Transit  Theodolite  for  ConneclingUnderground 

Workings  to  the  Surface,  vice  versa^  and  for  General  Surveying.*    M.  D.  H.  Skold. 

(59 >  Vol.  xxiv. 
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THE  FOOTBRIDGE  FOR  BUILDING  THE  CABLES 
OF  THE  NEW  EAST  RIVER  BRIDGE. 


By  Isaac  Habby,  Jnn.  Am.  Soc.  C.  E. 
To  BB  Pbbsented  Noyembbb  5th,  1902. 


The  erection  of  ODe  suspension  bridge  from  which  to  build  the  cables 
of  another  has  introduced  new  ideas  and  instituted  a  new  procedure 
in  the  methods  of  constructing  bridges  of  this  type.  The  cables  of  the 
New  East  River  Bridge  No.  2,  also  designated  as  **  The  Williamsburg 
Bridge,"  are  novel  in  other  respects.  They  are  the  largest  suspension 
bridge  cables  ever  attempted,  and  are  suspended  from  towers  taller  than 
those  in  use  in  any  other  bridge.  These  towers  are  also  distinguished 
by  being  the  first  large  ones  of  steel  to  be  used  for  this  purpose. 

It  is  not  unnatural,  then,  that  new  methods  should  characterize  the 
work  of  building  such  cables. 

The  engineer  in  charge  of  the  contract  for  constructing  these  cables, 
Wilhelm  Hildenbrand,  M.  Am.  Soc.  C.  E.,  whose  assistant  the  writer 
is,  has  invented  a  method  of  doing  better  work  of  this  class  in  a  shorter 
time  than  has  previously  been  accomplished  on  any  other  similar  un- 
dertaking. 

NoTB.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Oorrespondence  Ik  invited,  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings^  and,  wnen  flnaUy  closed,  the  papers  with  discussion 
in  full  wiU  be  publi^ed  in  Transacfiona. 
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Before  entering  into  the  main  snbject  of  this  paper,  a  more  com- 
prehensive idea  of  the  situation  may  be  given  by  a  brief  description 
of  the  main  cables  themselves,  the  erection  of  which  was  the  reason 
for  the  existence  of  the  footbridge.  The  writer  will  also  state  briefly 
the  conditions  encountered  at  the  beginning  of  the  undertaking. 

There  are  to  be  four  main  cables,  each  composed  of  37  strands  of 
208,  No.  6,  steel  wires,  laid  straight ;  all  of  which  are  finally  to  be 
squeezed  into  one  cylindrical  cable  measuring  about  19  ins.  in  diam- 
eter. 

The  distance  between  the  centers  of  the  towers  is  1  600  ft.  The 
cables  are  to  be  passed  over  the  tops  of  these,  where  each  one  is  to 
rest  in  a  saddle  mounted  on  rollers  permitting  a  motion  of  3  ft.  in  the 
direction  of  the  cable. 

The  weight  of  the  main  span  of  the  bridge  is  to  be  carried  directly 
by  the  cables,  but  the  parts  of  the  bridge  between  the  towers  and  the 
anchorages  are  to  be  otherwise  supported.  Thus  the  back  stays,  or 
shore  spans,  of  the  cables  will  have  no  load  suspended  from  them. 
In  order  to  equalize  the  tensions  in  the  shore  spans  and  the  main  span 
of  the  cables  during  their  construction  the  saddles  are  moved  back  on 
their  roller  beds  3  ft.  toward  the  anchorages  and  held  there.  This  po- 
sition has  been  determined  by  calculation  as  the  proper  one  to  balance 
the  forces  caused  by  the  tension  in  the  unloaded  cable.  The  saddles 
will  move  forward  gradually  during  the  erection  of  the  superstructure 
of  the  main  span. 

The  elevation  of  the  center  of  the  cable  where  it  will  rest  in  the 
saddle  is  to  be  332.708  ft.  above  mean  high  water,  and  the  elevation  at 
its  lowest  point  in  the  main  span  is  to  be  161.027  ft.  The  cables  will 
be  anchored  617  ft.  (measured  horizontally)  from  the  center  of  each 
tower,  at  an  elevation  of  76.627  ft.  The  end  of  each  strand  will  be 
looped  around  a  cast-steel  shoe,  held  by  a  pin  passed  through  the  end 
of  a  chain  of  eye-bars  built  in  a  masonry  anchorage. 

During  the  spinning  of  the  wires  it  will  be  necessary  to  support 
each  strand  on  sheaves  a  little  above  the  position  it  will  finally  occupy 
in  the  saddle,  and  also  to  hold  each  end  of  the  strand  a  little  back 
of  its  final  position  in  the  anchorage.  The  combined  result  of  this 
condition  will  cause  the  center  of  the  main  span  of  each  strand  to 
hang  about  14  ft.  higher  while  it  is  being  made  than  it  will  after  it  is 
lowered  into  its  final  position. 
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Reasons  fob  Constbcctino  a  Footbbidoe. 

On  previous  work  of  this  kind  a  so-called  footbridge  was  used,  but 
it  consisted  merely  of  a  single  path  from  anchorage  to  anchorage,  nsed 
only  as  a  means  of  passage,  and  not  intended  as  a  working  platform. 
In  the  case  of  the  New  York  and  Brooklyn  Bridge,  this  footwalk  was 
suspended  on  two  2f -in.  wire  ropes.  When  the  Cincinnati  and  Coving- 
ton Bridge  (the  second  largest  suspension  bridge  now  in  use]  was 
recently  rebuilt  by  Mr.  Hildenbrand,  by  the  addition  of  extra  cables 
above  the  old  ones,  the  footbridge  there  in  use  was  laid  on  top  of  one 
of  the  old  cables. 

The  wrapping  of  the  strands  and  of  the  finished  cable  has  previously 
been  done  from  travelers  suspended  from  the  cable  itself.  The  regu- 
lation or  adjustment  of  the  wires  has  been  accomplished  by  the  assist- 
ance of  cradles,  suspended  at  several  points  along  the  line,  from  which 
men  could  reach  the  wires  during  regulation. 

These  methods  left  much  room  for  improvement,  and  it  became 
quite  evident  that  if  some  sort  of  a  working  platform  could  be  devised, 
extending  the  full  length  of  the  cables  to  be  built,  and  from  which  the 
cables  could  be  reached  at  all  points  and  at  all  times,  a  much  better 
cable  could  be  built  in  a  much  shorter  time. 

Thus  the  demand  for  such  a  working  platform  called  into  active 
service  the  inventive  mind  of  the  engineer  in  charge  of  the  execution 
of  the  contract,  and  he  has  designed  an  original  as  well  as  an  ingenious 
method  of  building  large  cables. 

Description  of  the  Footbridqe. 

This  footbridge  is  more  than  an  ordinary  footwalk  from  tower  to 
tower.  In  the  main  or  river  span  it  is  a  double-deck  bridge,  and  con- 
sists of  eight  continuous  footways,  four  above  and  four  below.  The 
four  upper  f ootwalks  are  about  4  ft.  below  the  line  which  will  be  occu- 
pied by  the  strands  of  the  main  cable  during  the  time  of  spinning. 
The  four  lower  walks  are  just  below  the  line  to  be  occupied  by  the 
cable  when  the  strands  have  been  placed  in  their  permanent  position. 

These  different  foot  walks  are  connected  by  cross-bridges  at  numer- 
ous points,  so  that  an  easy  communication  is  afforded  from  all  parts  of 
the  structure. 

The  two  land  spans  are  placed  directly  below  the  line  of  the  cables, 
and  have  only  a  single  deck  of  four  walks. 
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The  whole  structare  is  supported  by  sixteen  wire  ropes  assembled 
into  four  groups  of  three  ropes  each,  with  a  single  rope  suspended  above 
each  group.  These  ropes  are  stretched  from  anchorage  to  anchorage, 
and  passed  over  the  tops  of  the  towers  in  saddles  especially  provided 
for  them. 

The  three  ropes  composing  a  cable  are  clamped  together  w^ith  iron 
bands  every  5ft.,  so  as  to  keep  the  three  together  throughout  their 
entire  length. 

These  ropes  are  2}  ins.  in  diameter,  and  are  made  of  seven  strands 
of  galvanized  steel  wires,  twisted  together.  The  ultimate  strength  of 
each  is  208  tons,  and  the  weight  9  lbs.  per  foot.  Each  rope  was  made 
long  enough  to  extend  the  entire  distance  from  anchorage  to  anchor- 
age, about  3  020  ft. 

The  ends  of  these  cables  were  made  fast  to  a  30-in.  box-girder  span- 
ning an  opening  in  the  face  of  an  inner  wall  of  the  anchorage,  the  girder 
being  set  at  such  an  inclination  that  the  end  of  each  wire  rope  could 
pass  through  it  parallel  to  its  web.  The  ropes  thus  passed  through 
are  secured  by  means  of  button  sockets  which  bear  against  the  back  of 
the  girder. 

In  order  to  permit  of  some  adjustment  in  the  lengths  of  the  differ- 
ent ropes  forming  the  cables,  and  also  for  convenience  in  erecting, 
each  is  pieced,  about  100  ft.  from  each  end,  and  reunited  by  means  of 
sockets  with  screw  rods  passing  through  them.  These  rods  are  3^  ins. 
in  diameter,  6^  ft.  long,  and  are  threaded  at  each  end.  They  permit  of 
an  adjustment  of  4  ft. 

The  ends  of  the  four  ropes  are  spaced  along  the  anchorage  girder 
about  1  ft.  apart,  and  the  ropes  converge  to  a  point  on  the  front  wall  of 
the  anchorage  where  they  pass  over  a  cast-iron  saddle.  Between  this 
saddle  and  the  saddle  on  the  main  tower  they  are  clamped  into  one 
cable,  and  form  the  support  for  the  land  span  of  the  footbridge. 

The  clamps  are  spaced  every  5  ft.,  measured  horizontally,  and  from 
each  hangs  a  suspender  rod  of  f-in.  round  iron  and  an  inclined  1-in. 
suspender  reaching  sideways.  Between  each  pair  of  cables  is  a  f-in. 
tie-rod.  The  lower  ends  of  the  suspenders  pass  through  3  x  8-in.  yellou* 
pine  beams,  upon  which  the  2x  6-in.  flooring  is  laid.  As  the  slope  of 
the  land  span  becomes  steeper  as  the  towers  are  approached,  it  was 
found  necessary  to  break  the  grade  with  a  step  at  each  beam  for  about 
two-thirds  of  the  distance,  and  the  rise  of  these  steps  increases  with 
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the  elevatiou.     Spruce  posts  bolted  to  each  beam  support  a  f-in.  gal- 
vanizsi  w^ird  rop3  handrail  stretched  tight.     Frame  towers   at  the 
middle  of  th9  land  spjtn  carry  sheaves  for  supporting  a  traveling  rope 
at  that  point. 

The  main  span,  1  600  ft.  in  length,  is  supported  for  a  distance  of 
400  ft.  out  from  each  tower  by  means  of  1-in.  suspender  rods;  and  the 
remaining  800  ft. ,  at  the  center  of  the  span;  rests  directly  on  top  of 
the  cables,  and  is  clamped  to  them  by  means  of  U -bolts  passing  be- 
tween two  3x  8-in.  yellow  pine  floor  beams  bolted  together.     The  sus- 
pender rods  are  hung  to  the  clamps  which  bind  the  three  ropes 
together.     The  lower  ends  of  the  suspenders  are  passed  between  the 
two  floor  beams  at  each  point.    The  suspenders  decrease  in  length  as 
the  distance  from  the  tower  increases,  until  they  are  discontinued, 
about  400  ft.  out,  where  the  beams  rest  directly  on  top  of  the  cables, 
and  are  secured  with  U -bolts.     Planking,  2x6- in.,  with  2-in.  spaces 
between,  laid  across  the  floor  beams,  forms  a  footwalk.    Cleats  nailed 
cross- ways  add  to  the  security  of  the  foothold. 

The  upper  deck  of  the  main  span  is  supported  on  posts  which  rest 
directly  upon  the  beams  of  the  lower  deck.  These  posts  are  capped 
with  stringers  which  in  turn  carry  beams  to  which  is  nailed  the  floor- 
ing similar  to  that  on  the  lower  deck.  Handrails  of  f-in.  galvanized 
wire  ropes  are  stretched  on  both  sides  of  each  walk. 

The  bridge  is  stiffened  laterally  by  a  cross-bracing  of  |-in.  rods. 

Four  2}^-in.  storm  cables  are  suspended  below  the  main  span  in  the 
form  of  parabolas,  the  vertices  of  which  are  about  4  ft.  below  the 
vertices  of  the  four  footbridge  cables.  The  storm  cables  cross  each 
other  between  the  center  and  the  point  where  they  are  secured  to  the 
columns  of  the  main  tower  about  50  ft.  above  high-water  mark. 

The  land  spans  are  held  by  guys  attached  to  the  steelwork  of  the 
truss  forming  the  end  spans  of  the  main  bridge. 

Cai/CUlations  Necbssaby  fob  Design  and  Ebection. 

In  considering  the  design  of  the  footbridge,  the  following  conditions 
and  requirements  were  known: 

(1)  Length  of  center  span,   i,  e. ,  horizontal  distance  between 

towers; 

(2)  Length  of  land  spans,  t.  e.,  horizontal  distance   between 

towers  and  anchorages; 
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(3)  The  exact  position  of  the  main  cables  when  finished,  and 

the  exact  position  of  each  strand  while  being  spun; 

(4)  The  lower  deck  of  the  footbridge,  when  finished,  must  be 

abont  4  ft.  below  the  line  of  the  main  cable; 

(5)  The  upper  deck  of  the  finished  footbridge  must  be  about 

4  ft.  below  the  line  of  a  strand  being  spun ; 

(6)  The  floors  of  the  two  land  spans  when  finished   must  be 

about  4  ft.  below  the  line  of  the  cable  when  in  position ; 

(7)  £ach  cable  must  be  accessible  from  the  footbridge  at  every 

point  along  its  length. 

The  general  design  of  the  structure  being  decided  upon,  the  pre- 
liminary step  in  the  calculations  was  the  location  of  the  saddles  on 
the  towers  and  anchorages  in  order  to  determine  the  exact  span  and 
deflection  of  the  curves. 

The  cable  passes  over  two  saddles  on  each  tower,  placed  6  ft.  8  ins. 
on  each  side  of  the  center  pt  the  tower. 

Therefore:  Length  of  main  span  =  1  600 — 2  x  distance  from  center 
of  tower  to  tangent  of  curve  on  saddle. 

The  position  of  the  tangent  point  was  found  approximately  by 
scaling  the  drawing  of  the  saddle  after  the  line  of  the  cable  was  laid 
off  on  it  approximately  at  the  correct  angle. 

The  span  being  thus  determined,  the  versed  sine  of  the  curve  had 
to  be  found.  The  elevation  of  the  tangent  point  on  the  saddle  was 
known.  The  elevation  of  the  center  of  the  main  cable  at  the  middle 
of  the  span  was  also  known.  The  distance  below  the  center  of  the 
main  cable  to  the  bottom  of  the  footbridge  cable  ==  4  ft.  +  the  thick- 
ness of  the  flooring,  floor  beams  and  footbridge  cable.  The  versed 
sine  of  the  loaded  footbridge  cable  was  thus  determined. 

The  curve  of  this  cable,  after  the  footbridge  had  been  built  upon 
it,  would  approximate  a  parabola,  and  it  had  been  found  by  expe- 
rience that  the  formula  of  the  parabola  might  be  used  here  with 
practically  correct  results. 

The  load  upon  the  bridge,  while  not  exactly  uniform  per  horizontal 
foot,  is  nearly  so.  The  load  due  to  the  weight  of  the  cables  them- 
selves is  greater  near  the  towers  where  the  slope  is  steeper,  but  this  is 
partially  balanced  by  the  additional  weight  of  the  timber  work  at  the 
•center  of  the  span  due  to  the  increased  distance  between  the  upper 
iind  lower  decks  at  that  point. 
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The  total  load  on  the  main  span  is  made  up  as  follows: 

Timber  work 718  000  lbs. 

Rods,  bolts,  clamps,  etc 87  800 

Cables 222  000 

Storm  cables ^  .     55  500 

Guys  and  storm  cable  suspenders 19  500 

Traveling  rope 7  200 


Total 1  110  000 

The  load  per  foot  =  — ^ ,  and  the  equation  of  the  curve 

could  thus  be  determined. 

Next,  it  became  necessary  to  find  the  equation  of  the  curve  of  the 
main  cable  hanging  unloaded.  This  cable,  being  of  uniform  section 
throughout  its  length,  will  hang  in  the  curve  of  the  catenary,  the 
formula  for  -which  may  be  determined  from  the  given  position  in 
which  the  cable  is  required  to  be  suspended. 

By  computing  an  ordinate  of  the  main  cable  and  an  ordinate  of 
the  footbridge  cable  at  the  same  point,  the  position  of  the  foot- 
bridge floor  in  reference  to  the  footbridge  cable  was  determined,  and 
the  operation  was  repeated  at  as  many  points  as  desirable.  These 
ordinates  were  computed  for  every  50  ft.,  and  the  curve  plotted  on  a 
scale  of  i  in.  =  1  ft.  After  the  two  curves  were  laid  out,  the  line  of 
the  floor  of  the  lower  deck  was  drawn,  it  being  a  constant  vertical 
distance  below  the  main  cable. 

After  plotting  these  curves  it  was  found  that  the  line  of  the  lower 
deck  floor  of  the  footbridge  nearly  coincided  with  the  curve  of  the 
footbridge  cable  for  a  distance  of  400  ft.  on  each  side  of  the  center  of 
the  span.  The  beams  of  the  lower  deck  floor,  therefore,  were  attached 
directly  to  the  footbridge  cables  for  that  distance.  The  lengths  of 
the  suspenders  for  the  remaining  400  ft.  to  each  tower  were  computed 
from  the  known  ordinates  at  every  50  ft.,  and  the  intermediate  ones 
were  found  by  interpolation. 

The  next  step  was  to  locate  the  position  of  the  upper  deck.  The 
floor  of  the  upper  deck  had  to  be  a  constant  distance  below  the  strand 
while  it  was  being  made,  this  position  of  the  strand  being  due  to  its 
temporary  support  in  a  position  somewhat  higher  than  that  which  it 
will  occupy  ultimately.  Supporting  the  strand  on  sheaves  over  the 
saddles  and  holding  the  end  of  it  back  of  its  final  position  in  the 
anchorage  causes  this  condition. 
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This  temporary  suspension  of  the  strand  will  allow  it  to  assume  the 
form  of  the  catenary,  the  formula  for  which  can  be  found,  and  the 
curve  plotted  on  the  same  sheet  with  the  other  curves.  The  position 
of  the  upper  deck  floor  may  then  be  plotted  also.  Comparing  the 
ordinates  of  the  curve  of  the  upper  deck  floor  with  those  of  the  lower 
deck  floor,  the  lengths  of  the  posts  supporting  the  upper  deck  may  be 
determined. 

On  the  land  spans  the  difference  in  elevation  between  the  cable  in 
position  and  the  strand  being  made  was  so  small  that  a  double  deck 
was  not  necessary,  as  the  strand  in  either  position  would  be  easily 
accessible  from  the  same  foot  walk.  The  lengths  of  the  suspenders  in 
this  span  were  readily  computed  by  a  comparison  of  the  ordinates  of 
the  footbridge  cable  and  the  main  cable  in  position. 

Having  settled  upon  the  exact  position  and  design  of  the  finished 
footbridge,  it  became  necessary  to  know  in  what  position  to  suspend 
the  unloaded  cables,  so  that  they  might  hang  at  the  desired  elevation 
after  the  weight  of  the  structure  had  been  placed  upon  them. 

To  arrive  at  this  knowledge  an  inverse  process  of  reasoning  was 
necessary.  It  was  assumed  that  the  bridge  was  standing  complete^ 
with  its  cables  in  a  known  position  and  under  a  known  tension.  The 
length  of  the  cable,  under  these  known  conditions,  was  computed 
from  the  equation  of  the  parabola.  Then  it  was  assumed  that  all  the 
load  had  been  removed.  The  cables  then  would  hang  in  the  curve  of 
the  catenary.  The  average  tension  was  then  computed  from  the  equa- 
tion of  that  curve.  The  modulus  of  elasticity  of  the  rope  having  been 
previously  determined  by  tests,  the  difference  in  length  of  the  cable 
for  this  known  difference  in  tension  was  then  found.  The  new  length 
being  determined,  and  the  curve  known  to  be  a  catenary,  its  versed  sine 
was  readily  computed.  The  elevation  of  the  points  of  support  being 
known,  the  elevation  of  the  vertex  of  the  curve  was  found. 

To  suspend  the  cable  at  the  correct  elevation  a  leveling  instrument 
was  set  up  in  one  of  the  towers  at  exactly  the  elevation  at  which  the 
lowest  point  of  the  cable  should  hang. 

For  the  adjustment  of  the  cables  in  the  two  land  spans  a  similar 
process  of  reasoning  was  used  to  find  the  curve  in  which  the  unloaded 
cables  would  hang;  but,  as  the  vertex  of  the  curve  lies  outside  of  the 
points  of  support  of  the  catenary,  the  method  of  adjusting  the  cable  by 
means  of  the  level  could  not  be  used.     In  this  case  the  transit  had  to 
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be  nsed. .  It  was  set  np  at  a  known  point  between  the  two  supports  and 
in  such  a  position  that  a  line  of  sight  could  be  taken  tangent  to  the 
curve  of  the  cable. 

The  equation  of  the  tangent  which  passes  through  the  point  at 
which  the  instrument  was  to  be  stationed  was  found  by  previous  cal- 
culation. The  inclination  of  this  line  being  known,  the  transit  was  set 
up  and  the  telescope  inclined  at  the  correct  angle  of  the  tangent.  In 
adjusting  the  cable  it  was  only  necessary  to  hang  it  so  that  its  under- 
side was  tangent  to  the  line  of  sight  of  the  transit. 

These  calculations  were  all  based  upon  a  mean  temperature.  How- 
ever, as  the  temperature  plays  an  important  part  in  the  position  of  a 
cable  of  such  leng^th,  it  became  necessary  to  make  due  allowance  for 
such  changes.  The  given  position  of  the  main  cable  unloaded  formed 
the  basis  for  all  tsalculations  as  to  the  position  of  the  footbridge. 
This  position  is  given  for  a  mean  temperature  of  6(P  Fahr. 

The  first  figures  obtained  for  adjusting  the  cables  of  the  footbridge 
had  to  be  tabulated  for  a  temperature  of  60°  Fahr. 

The  elevation  for  which  to  adjust  the  cable  in  the  main  span  for 
this  temperature  had  already  been  determined.  If  it  is  assumed  that 
the  temperature  on  the  day  the  cable  was  to  be  adjusted  would  be 
1<^  higher,  the  increase  in  temperature  would  cause  an  increase  in 
length,  but  the  increase  in  length  would  also  cause  a  decrease  in  ten- 
sion. This  decrease  in  tension  had  to  be  taken  into  account  in  deter- 
mining the  amount  of  stretch  due  to  tension.  The  true  length  was 
thus  found  for  the  new  temperature,  and  the  deflection  computed  and 
tabulated.  This  was  done  for  all  temperatures  which  were  likely  to 
occur  during  the  time  of  making  the  adjustment.  In  the  case  of  the 
land  spans  a  different  tangent  was  found  for  the  various  temperatures, 
and  its  angle  tabulated  to  be  used  as  required. 

Erection  of  thb  Cables. 

The  footbridge  cable  ropes  were  shipped  by  rail  from  Trenton,  N.  J., 
where  they  were  made  in  the  shops  of  John  A.  Boebling's  Sons 
Company.  They  were  transferred  to  the  foot  of  the  Manhattan  tower 
on  the  deck  of  the  largest  tug  of  the  Merritt,  Chapman  Wrecking  Com- 
pany. Each  rope  was  2^  ins.  in  diameter,  and  about  8  020  ft.  long. 
It  came  on  a  reel  7  ft.  in  diameter  and  4  ft.  wide,  the  whole  weighing 
about  14  tons.   A  float,  180  ft.  long  and  25  ft.  wide,  previously  used  for 
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the  transfer  of  freight  cars,  was  moored  at  the  foot  of  the  Manhattan 
tower.  Three  reels  at  a  time  were  placed  upon  this  float,  mounted  on 
stands  holted  to  the  deok  and  placed  so  that  the  ropes  conld  be  reeled 
off  oyer  the  side.  Each  reel  was  provided  with  a  cast-iron  brake  rim 
over  one  flange  of  the  drnm,  around  which  was  passed  two  tnms  of 
H'in.  manila  line,  one  end  being  secured  to  the  deck  and  the  other 
held  by  hand. 

The  end  of  each  rope  was  unfastened  from  the  reel,  raised  over  the 
tower,  drawn  back  to  the  anchorage  and  secured  there.  This  was 
accomplished  in  the  following  manner.  The  fall  line  from  a  derrick 
on  top  of  the  tower,  operated  bj  a  hoisting  engine  on  the-  float,  was 
attached  to  the  rope  by  means  of  a  clamp  about  60  ft.  from  its  end. 
The  end  of  the  rope  was  then  hoisted  to  the  top  of  the  tower.  As  the 
rope  unwound  from  the  reel,  the  loose  part  passed  over  the  saddles 
and  was  placed  in  temporary  rollers  mounted  on  them.  Plate  XXXII, 
Fig.  1,  shows  the  saddles  for  the  main  cable  and  for  the  foot- 
bridge cables,  one  footbridge  rope,  being  in  position  and  the  other  in 
the  rollers  ready  to  be  pulled  over.  Another  clamp  was  now  attached 
about  10  ft.  from  the  end  of  the  rope,  to  which  was  connected  a  long 
line  running  back  to  the  anchorage  and  operated  by  means  of  another 
hoisting  engine  located  on  the  end-span  truss  about  half  way  between 
the  anchorage  and  the  tower.  After  the  tension  had  been  taken  on 
this  '*  runner  "  the  fall  line  on  the  derrick  was  relieved  of  its  load 'and 
the  clamp  loosened  on  the  rope  so  that  it  would  slide  down  easily 
on  the  rope  to  the  bottom  of  the  tower.  There  it  was  once  more 
clamped  to  the  rope,  and  both  eagines  were  operated,  one  lifting  it 
and  the  other  pulling  the  end  back  to  the  anchorage.  It  was  neces- 
sary to  readjust  the  lifting  clamp  each  time  it  reached  the  top  of  the 
tower,  until  the  end  of  the  rope  had  arrived  at  the  anchorage. 

The  socket  was  next  put  on  and  the  connection  made  to  the  short 
piece  of  rope  previously  secured  to  the  anchorage  girder.  This  opera- 
tion was  repeated  until  all  three  ropes  forming  a  cable  were  similarly 
placed.  Each  in  turn  was  removed  from  the  rollers  on  top  of  the  sad- 
dles and  lowered  into  place  in  the  saddle. 

The  next  operation  was  to  get  these  ropes  across  the  river.  This 
was  accomplished  with  the  assistance  of  three  powerful  tugboats, 
which  towed  the  float  across  the  river  at  slack  tide.  This  time  was 
selected  because  the  course  could  be  more  easily  controlled  and  be- 
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cause  at  that  time  vessels  could  be  more  easily  handled  and  kept  out 
of  the  way.  The  float  was  towed  sideways,  with  a  tug  at  each  end 
and  one  ahead  to  pull.  The  operation  of  towing  the  float  across  the 
river  is  shown  in  Plate  XXXI,  Fig.  2.  The  course  was  kept  as  nearly 
as  possible  in  a  straight  line  between  the  two  towers,  and,  as  it  was 
traversed,  the  reels  were  allowed  to  pay  off  the  rope,  which  sank  and 
lay  upon  the  bed  of  the  river,  the  ropes  having  been  previously  lashed 
to  the  bottom  of  the  Manhattan  tower. 

The  trip  across  the  river  occupied  about  14  minutes,  during  which 
time  great  care  had  to  be  exercised  that  the  reels  did  not  pay  off  too 
rapidly.  When  the  Brooklyn  side  was  reached,  the  float  was  moored 
to  the  tower.  It  was  then  found  that  about  400  ft.  of  rope  remained 
on  each  reel.  This  was  unreeled,  one  reel  at  a  time,  and  laid  along  the 
full  length  of  the  deck  of  the  float.  About  60  ft.  from  the  end  of  the 
rope  a  clamp  was  secured,  to  which  the  fall  line  from  a  derrick  on  the 
tower  was  attached.  The  engine  on  the  float  operated  the  line  and 
hoisted  the  end  of  the  rope  to  the  top  of  the  tower.  The  loose  end 
was  next  passed  over  the  tower  and  placed  on  the  rollers  on  top  of  the 
footbridge  saddles.  Another  clamp  was  placed  near  the  end  of  the 
rope,. to  which  was  attached  one  end  of  a  three-part,  |-in.,  wire-rope 
tackle,  which  reached  to  the  Brooklyn  anchorage,  and  was  operated  by 
a  60-H.  P.  hoisting  engine  there.  The  clamp  was  removed  from  the 
river  side  of  the  rope  as  it  lay  over  the  saddles.  The  lashings  which 
held  it  near  to  the  foot  of  the  Manhattan  tower  were  cut,  and  every- 
thing was  then  in  readiness  to  raise  the  rope  from  the  bed  of  the  river^ 
and  stretch  it  from  tower  to  tower.  Two  government  patrol  boats 
guarded  the  river  to  prevent  passing  craft  from  interfering  with  the 
operation,  which  was  performed  at  slack  tide. 

At  a  signal  from  a  steam  whistle  on  the  float  (the  sigpial  also  serv- 
ing as  a  warning  to  passing  boats),  the  engine  on  the  Brooklyn 
anchorage  began  to  pull  the  rope  over  the  tower,  and  gradually  drew 
it  from  the  river  bed  until  it  had  been  raised  nearly  to  its  correct 
position.  This  operation  consumed  from  4  to  6  minutes.  By  this 
time  the  upper  block  of  the  tackle  had  traveled  to  the  Brooklyn 
anchorage.  The  main  span  was  now  so  nearly  balanced  with  the  Man- 
hattan land  span  that  workmen  on  top  of  the  Manhattan  tower, 
were  able,  by  means  of  a  set  of  hand  tackle,  to  pull  the  rope  over  the 
tower  until  it  was  correctly  adjusted. 
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A  man  with  a  transit  stationed  at  the  correct  point  below  the  cnrve 
fixed  the  position  of  the  rope  according  to  the  temperature.  Once 
Jidjastedy  the  men  on  the  tower  marked  the  rope  in  its  correct  position, 
and  secnred  it  against  fnture  movement. 

At  the  same  time  an  additional  clamp  was  being  placed  on  the  end 
of  the  rope  which  had  been  pulled  down  to  the  Brooklyn  anchorage. 
This  was  placed  a  little  above  the  other  clamp,  and,  attached  to  the 
former,  was  a  nine-part  manila  tackle  with  its  other  end  secured  to 
the  short  rope  fastened  to  the  anchorage  girder.  A  tension  was  now 
taken  on  the  manila  line  by  the  engine,  and  the  tension  on  the  wire- 
rope  tackle  relaxed  and  the  clamp  removed.  The  operation  of  taking 
the  tension  on  the  nine-part  tackle  for  the  final  pull  on  the  footbridge 
cable  rope  is  shown  in  Plate  XXKIV,  Fig.  1.  In  the  meantime  the 
xope  was  lowered  into  the  saddle  on  the  Brooklyn  tower,  and  every- 
thing was  made  ready  for  the  final  pull. 

A  man  with  a  level  stationed  in  the  Brooklyn  tower  at  the  correct 
elevation  according  to  the  temperature,  gave  the  signals  to  raise  or 
lower  the  rope  until  it  hung  at  the  correct  height  over  the  middle  of 
the  river.  When  this  was  adjusted,  the  position  of  the  rope  was 
marked  on  the  Brooklyn  tower,  and  secured  against  future  dis- 
turbance. 

The  next  step  was  to  adjust  the  Brooklyn  land  span.  This  was 
done,  as  on  the  Manhattan  side,  by  means  of  a  transit  set  at  the  correct 
angle.  The  rope  was  lowered  or  raised  to  the  correct  position,  which 
was  marked  on  the  s<\ddle  at  the  face  of  the  anchorage  as  soon  as 
adjusted.  The  rope  was  then  measured  and  cut  off,  the  socket  put 
on  and  connected  to  the  short  rope  fastened  to  the  anchorage  girder. 

This  completed  the  stretching  of  one  of  the  footbridge  cable 
ropes.  The  operation  was  repeated  until  twelve  ropes,  assembled 
into  four  cables,  were  similarly  suspended.  The  adjustment  of  the 
subsequent  ropes  was  made  by  comparison  with  those  previously 
adjusted,  but  aU  were  finaUy  checked  independently. 

Erection  of  the  Superstructure. 

The  placing  of  the  timber  work  was  begun  at  each  tower,  and 
worked  downward  toward  the  center  on  the  main  span,  and  toward 
the  anchorages  on  the  land  spans.  Each  piece  was  framed  and 
marked  as  to  its  location  in  the  structure  before  being  hoisted  from 
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the  ground.  Two  travelers  for  the  main  span  were  first  erected,  at 
each  tower,  and  two  for  each  land  span.  In  each  case  a  traveler 
ran  on  two  cables  by  means  of  grooved  wheels  connected  bj  an  axle 
to  which  was  suspended  a  platform  large  enough  to  accommodate 
four  or  five  men.  The  cable  bands,  suspender  rods  and  fioor  beams 
were  attached  to  the  cable  bj  the  men  on  the  traveler.  The  traveler 
was  allowed  to  run  down  the  cable  in  advance  of  the  work.  The 
traveler  is  shown  in  Plate  XXXIII,  Fig.  1.  Another  gang  followed 
up  the  traveler  and  laid  planks  across  the  floor  beams  as  fast  as  thej 
were  swung  into  place.  Plate  XXXV,  Pig.  2,  is  a  view  from  the 
traveler  on  the  main  span,  looking  back  at  the  work  just  placed.  In 
the  main  span  the  material  was  carried  down  from  the  towers  bv 
hand,  but  on  the  land  span  each  bent  was  framed  complete  on  the 
truss  below  and  hoisted  up  and  connected  to  the  cables  bv  the  men 
on  the  travelers.  Plate  XXXV,  Fig.  1,  is  a  view  of  one  of  the  land 
spans  during  construction,  in  which  the  travelers  have  advanced 
about  half  way  to  the  anchorage.  It  was  necessary  to  keep  the  work' 
on  the  two  sides  of  the  tower  well  balanced,  so  as  not  to  cause  the 
cables  to  slip  over  the  saddles  from  undue  loading  in  one  span. 

The  travelers  advanced  toward  the  center  of  the  main  span  simul- 
taneously from  each  tower,  so  that  the  meeting  point  was  at  the  center. 
When  this  point  was  reached  the  travelers  were  taken  apart  and  carried 
back  over  the  foot  walk  to  the  towers. 

A  view  of  the  main  span  from  below,  at  the  level  of  the  roadw^ay  in 
the  tower,  is  shown  in  Plate  XXXVI,  Fig.  1. 

The  land  span  travelers  were  run  down  to  the  anchorages,  and  taken 
apart  there.  Handrail  posts  were  next  bolted  to  the  floor  beams,  and 
a  f-in.  galvanized  wire  rope  for  a  handrail  was  stretched  along  the  full 
length  of  each  foot  walk. 

Before  commencing  to  erect  the  upper  deck  of  the  main  span  four 
additional  2i-in.  ropes  were  suspended.  These  ropes  were  drawn 
across  the  bridge  from  the  Manhattan  tower,  the  reel  being  placed 
at  the  foot  of  the  tower.  This  pulling  was  done  by  an  engine  on  the 
Brooklyn  anchorage  with  a  |-in.  plough-steel  line,  passing  over  the 
Brooklyn  tower  and  running  on  the  sheaves  on  top  of  the  footbridge 
saddles..  Each  of  the  four  ropes  was  hung  just  above  one  of  the  foot- 
bridge cables,  and  rested  in  the  same  saddle  at  the  top  of  the  tower. 
These  ropes  were  suspended  at  a  certain  elevation  so  as  to  be  just 
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below  the  floor  beams  of  the  upper  deck,  and  carry  their  proportion 
of  the  load  of  the  bridge.  In  each  land  span  they  were  drawn 
down  and  clamped  to  the  other  three  ropes  forming  a  cable.  Plate 
XXXIV,  Fig.  2,  is  a  view  of  the  land  span  of  the  footbridge,  as  seen 
from  the  Brooklyn  anchorage,  as  it  passes  throngh  the  steelwork  of 
the  end  span. 

The  erection  of  the  framework  for  the  upper  deck  was  begun  at  the 
center  of  the  main  span  and  carried  toward  the  towers.  Plate  XXXYII, 
Fig.  1,  is  a  view  of  the  main  span,  showing  the  erection  of  the  upper 
deck.  The  material  was  run  down  on  top  of  the  cable  by  bridgemen 
who  held  each  end  with  a  line  and  ran  along  the  footwalk  with  each 
piece,  as  shown  in  Plate  XXXHI,  Fig. 2.  When  the  posts,  stringers 
and  floor  beams  were  in  place,  the  2  x  6-in.  flooring  was  laid  over  the 
beams,  beginning  at  the  towers  and  working  toward  the  center.  The 
flooring  on  the  land  spans  was  similarly  laid.  Handrails  of  |-in. 
galvanized  wire  rope  were  stretched  on  each  side  of  every  footwalk, 
and  secured  to  the  handrail  posts  with  staples. 

Half  way  between  each  anchorage  and  tower  and  at  three  points 
along  the  main  span  were  erected  frame  towers  about  12  ft.  high. 
On  these  were  supporting  sheaves  over  which  ran  a  traveling  rope. 

Stobm  CabiiES. 

The  four  2}-in.  storm  cables  previously  described,  each  about  1 700 
ft.  long,  were  delivered  on  reels  at  the  foot  of  the  Manhattan  tower. 
The  free  end  was  taken  to  the  top  of  the  tower,  passing  up  the  land, 
side,  and  crossing  over  the  top  toward  the  river  on  the  sheaves  on 
top  of  the  footbridge  saddles.  The  rope  was  now  drawn  across  the 
footbridge  in  the  same  way  as  were  the  cables  for  the  upper  deck. 
They  were  laid  across  the  lower  deck  beams  and  in  such  a  manner  that 
they  could  be  easily  pushed  overboard.  While  in  this  position  a  suspen- 
der of  1-in.  galvanized  wire  rope  was  fastened  every  40  ft.  The  other  end 
of  the  suspender  was  attached  to  the  foot-bridge  cables.  Th^  length 
of  each  had  been  regulated  by  previous  calculations,  so  that  when  the 
storm  cable  became  suspended  by  them  it  would  hang  in  the  form  of 
a  parabola. 

When  all  the  suspenders  were  properly  connected  the  cable  was 
lowered  overboard  by  means  of  blocks  and  falls  at  numerous  points 
until  it  was  hung  on  the  suspenders.     The  two  ends  were  then  pulled 
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la  to  each  tower,  and  sockets  placed  upon  them.  Each  was  socnred  to 
one  of  the  main  posts  of  the  tower  and  screwed  np  to  the  proper 
tension  by  means  of  long  (J -bolts.  A  view  of  the  main  span,  with 
the  storm  cables  and  guys  in  place,  is  shown  in  Plate  XXXVI,  Fig.  2. 
The  footbridge  was  secured  additionally  by  means  of  long  gjij  ropes 
which  ran  from  the  main  span  down  to  the  towers. 

Plate  XXXYII,  Fig.  2,  is  a  view  of  the  completed  footbridge  as 
■seen  from  Brooklyn,  just  back  of  the  anchorage.  When  the  structure 
was  completed,  observations  were  made  to  determine  how  near  the 
bridge  came  to  occupying  the  position  for  which  it  was  finally 
intended.  The  result  of  the  observations  showed  it  to  be  within  a 
very  few  inches  of  the  calculated  position,  which  was  a  great  source  of 
gratification  to  the  engineers  in  charge,  as  it  proved  the  correctness 
of  the  assumptions,  the  exactness  of  the  intricate  calculations 
involved,  and  the  accuracy  of  the  instrument  work. 

When  the  last  wire  in  each  main  cable  had  been  laid  and  the  last 
strand  adjusted,  the  usefulness  of  the  upper  deck  of  the  footbridge 
was  at  an  end.  The  whole  of  the  upper  deck  work  was  then  removed, 
the  flooring  being  transferred  to  the  lower  deck  and  the  other  timber 
work  being  kept  on  the  span,  so  as  not  to  change  the  loading  and 
consequently  the  position  of  the  bridge.  The  upper  cables  were  tied 
to  the  lower  ones  by  long  (J -bolts,  so  as  to  make  each  carry  a  propor- 
tion of  the  load. 

The  work  of  putting  on  the  cable  bands  and  cable  covering,  and 
hanging  the  suspenders,  can  now  be  completed  from  the  lower  deck  of 
the  bridge. 

The  expectations  of  what  the  footbridge  would  accomplish  have 
not  been  over-estimated,  for  it  has  permitted  a  saving  of  much  time 
made  the  work  safer,  and  afforded  a  means  of  building  the  cables  as 
nearly  perfect  as  it  is  within  human  possibility  to  do.  The  erection 
of  such  a  bridge  may  be  usually  considered  a  very  hazardous  occupa- 
tion, but  in  this  case  not  a  single  accident  occurred. 

Reference  to  cable  making,  except  in  explanation  of  the  functions 
of  the  footbridge,  has  been  purposely  omitted  in  this  paper,  as  that  is 
a  subject  in  itself. 
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A  PROPOSED  NEW  TYPE  OF  MASONRY  DAM. 

Discussion.* 


By  Messrs.  Geoboe  H.  Peoium,  J.  Bkeughaud  and  A.  V.  Abbott. 


Gboboe  H.  Pegbam,  M.  Am.  Boc.  C.  E. — The  form  of  dam  pro-  Mr.  Pegram. 
posed  by  the  anthor  aims  at  a  saving  of  masonry,  but  its  main  advan- 
tage seems  to  be  in  the  marked  increase  in  overturning  resistance 
shown  in  his  table  of  comparisons  with  the  Wegmann  forms.  It  also 
has  the  advantage  claimed  by  the  author  of  greater  stability  against 
the  upward  pressure  of  water  leaking  under  the  dam. 

The  type  proposed  seems  susceptible  of  very  neat  calculations,  but 
this  is  not  an  important  consideration  in  dams  of  magnitude. 

The  Pioneer  Electric  Power  Company,  of  Ogden,  Utah,  of  which 
the  speaker  was  Consulting  Engineer,  studied  the  question  of  a 
100-ft.  dam  for  the  Ogden  Biver,  and  some  of  the  results  are  given  in 
A  paper  by  Henry  Goldmark,  M.  Am.  Soc.  C.  E-f 

At  the  time  the  speaker's  attention  was  called  to  the  matter,  the 
company  had  prepared  designs  for  the  ordinary  gravity  section  and 
also  for  a  steel  dam  with  a  vertical  face,  and  it  was  suggested  that  in 
any  dam  where  the  weight  of  masonry  is  reduced  the  up-stream  face 
should  be  inclined  so  as  to  use  the  weight  of  the  water,  and  it  is 
thought  that  this  suggestion  might  apply  to  the  form  submitted  by 
the  author  of  the  paper  under  discussion. 

In  the  case  of  the  Ogden  Dam  the  walls  of  the  canon  are  so  pre- 

*  Ckmtinued  from  Au«:ust,  lOOS,  Proceedings.  See  April,  1902,  Proceedings^  for  paper 
on  this  subject  by  Qeorge  L.  Dillman,  M.  Am.  Soc.  C.  E. 

t  Transactions,  Am.  Soc.  C.  £.,  Vol.  zxxviii,  pp.  800  and  SOS. 
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Mr.  Pegraxn.  oipitouB  that  a  diversion  of  the  river  seemed  a  serious  question,  and 
the  location  of  a  city  at  the  month  of  the  canon  made  it  especially 
desirable  to  design  a  dam  which  would  be  as  absolutely  safe  as  due 
considerations  of  cost  would  permit.  The  speaker  suggested  that  a 
form  be  tried  having  isolated  piers  connected  by  arches  with  im- 
pervious faces,  a  form  of  which  is  given  in  Mr.  Goldmark's  paper;  the 
objects  to  be  accomplished  being: 

1. — The  construction  of  piers  independently,  thus  avoiding  the 
necessity  of  a  diversion  of  the  river; 

2. — The  securing  of  an  impervious  face  to  the  dam; 

3.  — The  avoidance  of  uplifting  pressure  by  water  that  might  leak 
under  the  dam; 

4. — The  ability  to  get  a  better  class  of  masonry  by  building  it  in 
smaller  masses  than  in  the  ordinary  dam; 

5. — ^Less  total  cost. 

Cracks  in  concrete  are  apt  to  be  long,  and  hard  to  stop,  and  there- 
fore the  necessity  of  a  steel  plate  on  the  up-stream  face.  Large  steel 
plates,  at  the  time,  could  have  been  bought  at  a  trifle  more  than  one 
cent  per  pound,  and  the  speaker  proposed  a  design  having  isolated 
piers  of  triangular  form  with  an  up-stream  slope  of  30^,  11^  ft.  thick, 
and  spaced  23  ft.  in  the  clear,  the  up-stream  face  being  a  continuous 
steel  plate  corrugated  with  radii  of  7  ft.  over  the  piers'  ends  and  14  ft. 
between  the  piers,  the  up-stream  toe  to  be  enclosed  in  a  wall  of  con- 
crete, 15  ft.  thick  and  25  ft.  high,  enclosing  horizontal  angle-irons 
riveted  to  the  steel  plate  to  assist  by  its  weight  in  resisting  the 
overturning  effect. 

Mr.  Breuchaud.  J.  Bbeughaud,  M.  Am.  Soc.  C.  E. — It  is  somewhat  difficult  to  give 
an  off-hand  estimate  of  the  cost  of  the  masonry  in  the  author's  dam 
as  compared  with  that  in  a  dam  of  the  ordinary  section;  but  the 
speaker  believes  the  cost  would  be  greater,  because  it  would  require 
a  high  grade  of  work,  with  deep,  close-cut  beds  and  joints,  to  ensure 
anything  like  a  reasonable  degree  of  water-tightness  in  such  a  thin 
wall  as  that  proposed. 

Mr,  Abbott.  A.  V.  Abbott,  M.  Am.  Soc.  0.  E. — The  speaker  has  had  little  ex- 
perience in  the  actual  constr action  of  masonry  dams,  but  has  had 
considerable  in  the  endeavor  to  construct  masonry  in  such  a  manner 
ae  to  make  it  completely  water-tight;  and  so  it  appears  to  him  that 
the  points  made  by  Mr.  Pegram  are  exceedingly  well  taken. 

There  are  two  aspects  of  engineering:  One,  the  theoretical  point 
of  view,  and  the  other,  the  adaptation  of  the  design  indicated  by 
theory  to  practical  conditions.  There  appears  to  be  little  doubt 
that  a  dam  or  other  structure  intended  to  enclose  water  could  be  de- 
signed with  a  more  economical  section,  upon  the  principles  devel- 
oped in  this  paper  and  discussion,  than  according  to  the  ordinary 
methods.     Doubtless  there  would  be  a  considerable  saving  in  the 
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actaal  qnantitj  of  masonry;  but  when  the  problem  is  presented  of  Mr.  Abbott, 
making  water-tight  a  stmcture  so  thin  as  wonld  be  called  for  if  the 
principles  of  this  paper  were  followed  ont,  a  very  difficult  problem 
is  Intro dnced,  and  one  for  the  solution  of  which  quantity  of 
masonry  rather  than  strength  of  construction  is  required.  It  also 
seems  that  the  subdivision  of  a  dam  into  a  number  of  buttresses, 
as  is  demanded  by  the  plan  proposed  in  the  paper,  is  likely  to  intro- 
duce such  a  complication  of  stresses  as  will  make  accurate  determina- 
tion thereof,  even  theoretically,  an  exceedingly  difficult  problem,  and 
one  which  is  entirely  incapable  of  solution  under  ordinary  practical 
conditions. 
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IMPROVEMENT  OF  THE  BLACK  WARRIOR, 
WARRIOR  AND  TOMBIGBEE  RIVERS, 

IN  ALABAMA. 

Discussion.* 


Bj  Messrs.  Wiluam  L.  Sibebt,  D.  A.  Watt,   George   Y.  Wisneb 

and  John  M.  G.  Watt. 


Mr.'.Sibert.  WiLLiAM  L.  Sebebt,  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  McCalla's 
paper  presents  in  detail  a  subject  about  which  there  is  very  little  lit- 
erature. The  conclusions,  however,  which  have  found  expression  in 
the  plans  presented  in  the  paper,  are  very  different  in  some  important 
particulars  from  the  conclusions  to  which  the  writer's  experience  has 
led  him. 

These  particulars  will  be  the  subject  of  this  discussion. 

Lock  Location — Guide  and  Guard  Walk, — On  this  subject  Mr.  Mc- 

Calla  states  as  follows : 

'*  Locations  were  sought  in  wide,  shallow  places  with  good,  high 
banks,  and  in  curved  instead  of  straight  reaches.  The  locks  are  al- 
ways located  on  the  convex  shore,  in  order  to  secure  better  protection 
from  the  drift  during  floods,  and  on  straight  approaches  parallel  to 
the  axis  of  the  lock  re-entering  the  stream. " 

The  proposed  guide  and  guard  arrangements  for  entrance  and  exit 

are  as  follows:  A  paved  slope,  2  ft.  on  1  ft.,  above  the  lock,  and  aline 

*  This  discussion  (of  the  paper  by  R.  C.  McCalia,  M.  Am.  Soc.  C.  E.,  printed  in  Pro- 
ceedings tor  AjorWy  1902),  is  printed  in  Proceedings  in  order  that  the  views  expressed 
may  be  brought  before  all  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  received  pnor  to  October  86th,  1902,  will  be  pub- 
lished subsequently. 
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of  pile  clusters  below.     The  guard  arrangement  above  the  lock  is  a  Mr.  Sibert. 
line  of  pile  clusters  flaring  toward  the  middle  of  the  stream,  with  noth- 
ing below.     See  Fig.  16. 

The  writer's  experience  leads  to  the  following: 

A  look  with  a  fixed  dam  should  be  located,  if  practicable,  in  a  wide 
straight  reach  of  the  river.  If  forced  to  locate  a  lock  and  dam  in  a 
bend,  by  fonndation  or  other  conditions,  the  lock  should  be  placed 
on  the  convex  side  of  the  bend.  There  should  be  a  guide  wall,  having 
the  inside  face  vertical,  on  the  land  side  of  the  entrance.  The  align- 
ment of  this  wall  should  be  such  that  boats  alongside  of  it  can  enter 
the  lock  without  material  change  of  direction.  The  least  length 
should  be  such  that  boats  can  come  alongside  of  it  before  the  head  of 
the  craft  comes  into  the  dead  water  at  the  entrance.  The  maximum 
length  should  depend  on  the  rapidit  v  with  which  it  is  necessary  to  op- 
erate the  lock.  Where  a  lock  is  taxed  to  do  the  business,  the  guide  wall 
should  be  long  enough  to  allow  boats  to  come  alongside  and  be  in 
position  to  enter  the  lock,  so  that  no  delay  will  result  when  the  lock 
is  ready  for  a  boat.  Mooring  piers,  for  boats  awaiting  lockage,  are 
necessary,  and  guide  walls,  when  long  enough,  form  the  most  con- 
venient piers. 

The  guard  wall  should  be  solid,  with  possibly  a  short  drift  gap 
next  to  the  head  of  the  river  lock  wall,  and  should  be  of  such  length 
that  one  lockage  lying  inside  of  it  will  be  safe  if  cut  loose  from  the 
steamboat.  The  solid  wall  will  deaden  the  water  in  the  entrance  so 
that  barges  can  be  taken  into  the  lock  by  hand.  This  wall  should 
flare  slightly  toward  the  middle  of  the  stream,  but  not  enough  to 
create  an  appreciable  eddy  below  the  dam  near  the  lower  entrance  to 
the  lock.  This  flare  should  be  prolonged  by  pile  clusters.  A  paved 
slope  immediately  above  the  lock  is  objectionable,  for  the  reason  that 
the  wheels  of  boats  will  be  damaged  by  striking  upon  it. 

A  guard  wall  made  entirely  of  clusters  of  piles  from  30  to  70  ft. 
apart,  makes  the  entrance  to  the  lock  very  difficult  and  dangerous. 
When  the  water  is  high,  the  draft  of  the  water  between  the  pile  clusters 
pulls  everything  hard  against  the  clusters,  making  it  impracticable 
to  place  barges  in  the  lock  by  hand.  The  forward  outside  corner  of 
a  barge  is  likely  to  be  drawn  in  behind  a  cluster,  and  a  steamboat 
would  be  forced  to  put  out  a  line  to  get  the  barge  out. 

The  guide  wall  below  the  lock  should  be  solid,  with  the  inside  face 
vertical.  Its  height  should  be  such  that  it  will  be  flooded  at  the  same 
time  that  the  upper  end  of  the  lock  wall  is  flooded;  its  length  to  be 
determined  in  the  same  way  that  the  length  of  the  upper  guide  wall 
was  determined. 

Guard  walls  on  the  lower  end  of  the  river  lock  walls  should  le 
avoided  where  possible.  Where  the  dam  is  not  located  near  the  head 
of  the  lock,  and  when  the  lock  is  short,  the  reaction  sometimes  forces 
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Mr.  Sfbert.  the  construction  of  such  a  wall.  It  is  absolutely  necessary  that  gates 
be  mitered  properly,  and  when  there  is  any  danger  that  the  reaction 
below  the  dam  will  disturb  this  mitering  before  enough  head  is  on  the 
gates  to  hold  them  together,  a  guard  wall  should  be  built.  In  the 
writer's  opinion,  some  of  the  recent  failures  of  wooden  lock  gates  are 
due. to  this  cause.  This  reaction  disturbs  the  miter  after  there  is  some 
head  on  the  gates,  and  drives  one  of  the  leaves  up  stream,  as  shown  in 
Fig.  21.  The  pressure  on  the  upper  side  of  the 
other  leaf  forces  the  upper  part  of  that  leaf  down 
stream,  so  as  to  come  in  contact  with  the  miter 
post  of  the  opposite  leaf,  as  shown.    As  the  water  ^^  ^ 

rises  in  the  pit  the  leaves  are  held  in  that  posi- 
tion, and  one  leaf  is  forced  by  the  other  when  the  head  is  sufficient. 
A  guard  wall  below  the  lock,  with  the  guide  wall,  forms  a  pocket  which 
is  always  full  of  drift  during  a  rise,  which,  of  course,  is  a  nuisance. 

In  order  to  discuss  the  question  of  lock  location  in  a  bend,  assume 
that  one  lock  is  located  on  the  convex  side  and  one  on  the  concave 
side.  The  lock  located  on  the  convex  side,  Fig.  22,  has  the  guide 
and  guard  arrangements  proposed  in  Mr.  McGalla*s  paper;  that 
located  on  the  concave  side,  Fig.  23,  has  such  guard  and  guide 
arrangements  as  are  thought  necessary. 

Let  it  be  assumed  that  a  towboat  navigation  is  to  be  especially  pro- 
vided for,  or  such  as  will  predominate  on  the  Warrior  system.  The 
various  positions  of  a  tow  entering  the  lock  for  both  locations  are 
shown  on  Figs.  22  and  23. 

It  is  seen  that  a  tow  in  entering  the  lock  on  the  convex  side  is 
forced  to  keep  the  stem  of  the  towboat  next  to  that  side,  for  if  the 
stem  gets  out  into  the  stronger  current  it  is  difficult  to  prevent  the 
tow  from  rounding  to.  In  high  water,  when  boats  have  their  full 
capacity  of  tow,  this  can  only  be  done  safely  by  the  use  of  a  line. 
Assuming,  however,  that  it  can  be  done  without  a  line;  when  the  boat 
and  tow  are  in  the  position  shown  at  ^,  it  is  then  necessary  to  back 
the  stem  of  the  boat  out,  thus  swinging  the  tow  in  the  entrance. 
Such  an  operation  in  a  swift  current  just  above  a  dam  is  exceed- 
ingly dangerous,  and,  if  attempted  without  the  use  of  a  line,  will 
result  in  many  tows  going  over  the  dam. 

It  is  also  difficult  to  enter  the  lock  on  the  convex  shore  in  low 
water.  When  the  tow  is  in  the  position  A  it  is  necessary  to  throw  the 
rudders  away  from  the  shore  in  backing  to  get  the  tow  in  shape  to 
enter.  With  a  stern- wheel  boat,  this  soon  gives  rise  to  a  down-stream 
current  on  the  land  side  of  the  tow,  due  to  the  rudders  deflecting  the 
current  made  by  the  wheel.  This  current  is  again  deflected  by  the  bank 
and  dead  water  at  the  head  of  the  entrance,  and  it  has  a  tendency  to 
push  the  head  of  the  tow  outside  of  the  entrance.  The  stem  of  the 
boat  is  already  swinging  out  into  the  river,  with  the  result  that  the 
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entire  tow  gets  into  such  a  position  as  to  force  a  beginning  over  again  Mr.  Sibert. 
of  the  operation  of  entering  the  lock. 

Now,  npon  examination  of  the  positions  of  the  tow  entering  the 
lock  on  the  concave  side,  it  is  seen  that  no  lines  are  necessary,  and  no 
xransnal  difficnlties  presented.  The  current  naturally  takes  the  boat 
and  tow  in  toward  the  shore.  It  may  be  necessary  to  back  the  stem 
out  to  keep  off  the  shore,  but  in  this  operation  the  rudder  is  thrown 
toward  the  shore  and  the  extra  current  generated  is  thrown  on  the 
river  side  of  the  boat  and  tow. 


:zr:r44;: 


Fio.  88. 


Fio.  88. 

It  may  be  more  difficult  to  get  out  of  the  lower  entrance  of  a  lock 
located  on  the  concave  side,  but  there  is  no  danger  attached  to  it. 
Safe  navigation  should  be  the  first  consideration  in  lock  location. 

Regardless  of  the  safety  of  navigation,  the  location  of  a  lock  on  the 
concave  side  of  a  bend  is  still  preferable  to  the  convex  side.  The  convex 
side  is  always  shallow.     The  deposit  naturally  made  on  this  side  can 
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Mr.  Sfberu  be  dredged  away,  bnt  the  same  conditions  that  placed  it  there  in  the 
first  place  will  replace  it  when  removed.  Of  the  two  evils,  drift  or 
the  silent  process  of  deposit  of  silt  during  rises,  the  former  is  more 
easily  dealt  with.  An  alert  lock  force  can  steer  all  drift  over  the  dam. 
The  dead  water  in  the  head  of  the  lock  will  facilitate  it,  bnt  the  silt- 
ing  up  of  the  entrances  cannot  be  stopped,  and,  after  a  rise,  a  dredge 
wiU  often  be  necessary  before  a  lock  can  be  put  into  service. 

A  straight  wide  reach  of  river  is  free  from  the  disadvantages  of  a 
bend  location  with  the  lock  on  either  side.  A  lock  should  be  so 
located,  and  the  dam  made  of  such  height,  that  no  dredging  will  be 
necessary  in  the  upper  ends  of  the  pools  in  order  to  produce  the 
requisite  depths.  Such  dredging  is  a  continual  expense.  The  result- 
ing channels  are  always  narrow,  and  interfere  with  the  full  use  of  the 
river  for  towboat  navigation.  The  greatest  amount  of  deposit  is  pro- 
duced in  the  upper  ends  of  the  pools.  The  slackening  up  of  the  cur- 
rent below  the  dams  on  a  rising  river,  until  the  water  piles  up  enough 
to  create  a  slope  sufficient  to  carry  the  discharge,  causes  a  deposit  of 
heavy  material  in  the  reaches  just  below  the  dams.  This  makes  it 
evident  that  the  full  depth  should  be  made  in  the  beginning. 

It  has  been  the  history  of  all  improvements  that,  as  soon  as  the 
improvement  is  completed,  the  navigation  interests  begin  to  clamor 
for  more  depth,  as  the  profits  of  transportation  vary  directly  with  the 
depth.  One  way  of  giving  this  depth  is  by  dredging  in  the  upper  end 
of  the  pool,  and,  in  view  of  such  a  contingency  being  forced  by  legis- 
lative action,  it  is  always  well  to  make  the  pool  depths  by  the  dams 
in  the  beginning,  and  to  place  the  sills  below  the  protected  navigable 
depth. 

Dams. — The  decision  to  place  fixed  instead  of  movable  dams  in  the 
Warrior  Biver,  in  the  writer's  opinion,  was  wise.  The  disadvantages 
of  movable  dams  are  many.  They  are  frail  structures;  the  likelihood 
of  serious  accident  on  account  of  drift  and  ice  has  rendered  it  neces- 
sary to  keep  the  Davis  Island  Dam,  on  the  Ohio  River,  down  for  at 
least  six  months  in  the  year,  from  December  to  May,  inclusive.  Dur- 
ing this  time  there  is  often  low  water,  with  the  result  that  there  is  not 
enough  water  for  the  transaction  of  the  river  business  in  the  pool 
above  the  dam,  which  includes  the  Harbor  of  Pittsburg.  When  it  is 
remembered  that  a  line  of  transportation  must  be  in  operation  practi- 
cally all  the  time,  in  order  to  develop  its  full  use  under  modem  con- 
ditions, the  almost  fatal  defect  of  a  movable-dam  system  seems 
apparent,  and  its  use  should  be  limited  to  particular  cases.  Such  cases 
shonld  be:  Rivers  in  which  there  is  nearly  always  sufficient  water  for 
the  business  during  the  winter  and  spring  seasons,  unless  some  more 
efficient  system  of  movable  dams  can  be  devised.  Such  a  system 
should  be  one  that  can  be  surely  lowered  before  the  drift  or  ice  of  a 
sudden  rise  can  catch  it,  and  one  that  can  be  raised  and  maintained 
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Mr.  Sibert.  notwithstanding  such  drift  or  ice  as  may  be  running  when  the  stage 
of  water  is  reduced  below  that  needed  for  the  most  economical  trans- 
portation of  commodities. 

En  the  upper  reaches  of  all  rivers  where  quick  rises  occur,  fixed 
dams  with  long  locks,  as  wide  as  practicable,  seem  to  be  indicated  as 
the  best  system.  In  the  lower  and  flatter  reaches  movable  dams  may 
be  the  best. 

Type  of  Fixed  Dam, — Figs.  24  to  28  are  cross-sections  of  the  dam 
proposed  in  the  paper,  and  of  dams  which  the  writer  considers  good 
types.  There  is  also  shown  a  cross-section  of  the  type  of  the  first  fixed 
timber  dams  built  in  this  country. 

Generally  speaking,  the  lees  upper  slope  on  a  dam,  the  less  leakage 
area;  it  being  impracticable  to  maintain  an  efficient  backing  on  such 
slope.  In  the  earlier  types  of  dams,  the  upper  slope  extended  from 
the  crest  to  the  river  bottom,  the  idea  being  to  make  the  water  press- 
ure increase  the  stability  of  the  dam.  Leakage  was  abundant,  of 
course,  and  such  dams  could  only  be  maintained  on  hard  rock 
bottoms. 

A  gradual  change  from  this  type  to  those  generally  adopted  now 
is  seen  in  the  various  dams  built  for  slack- water  purposes  in  this  coun- 
try in  the  last  sixty  years,  the  length  of  the  upper  slope  decreasing  and 
of  the  lower  slope  increasing. 

An  examination  of  the  section  proposed  by  the  author  shows,  so 
far  as  it  can  be  seen,  that  every  possible  attempt  has  been  made  to  box 
in  any  leakage  that  may  find  its  way  through  the  upper  face  of  the 
dam.  The  lower  slope  is  double-lapped  and  caulked,  triple-lapped 
sheet-piling  is  driven  along  the  down-stream  edge  of  the  dam  proper, 
the  lower  breast  is  sheeted,  the  sheeting  on  the  apron  is  double- 
lapped,  and  triple-lapped  sheet-piling  is  driven  along  the  lower  edge 
of  the  apron. 

In  the  foundation  for  the  lock,  Mr.  McCalla's  plan  wisely  provides 
for  relieving  the  fioor  from  any  pressure  from  the  upper  pool  due  to 
leakage  through  the  triple-lapped  sheet-piling;  why  the  same  prin- 
ciple was  not  applied  in  the  dam  design,  is  not  seen,  when  it  is  known 
that  it  is  practically  impossible  to  make  the  filling  of  crib  dams  abso- 
lutely impervious  to  water.  The  sheet-piling  at  the  lower  edge  of  the 
dam  and  apron,  in  the  plan  presented,  is  an  acknowledgment  of  this 
fact. 

In  the  sections  showing  types  of  dams  on  the  Green,  Kentucky,  and 
Allegheny  Rivers,  the  dam  is  made  by  the  upper  breast  and  slope. 
The  remainder  of  the  structure  is  for  the  purpose  of  holding  the 
upper  breast  and  slope  to  their  work,  and  for  controlling  the  flow  of 
the  water  over  the  dam  in  such  a  way  as  to  protect  the  structure  itself 
from  the  action  of  the  water  under  the  imposed  conditions  of  flow; 
also,  to  reduce  the  disturbance  below  the  dam,  for  reasons  affecting 
navigation. 
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The  sheeting  on  the  lower  slopes  of  these  dams  is  of  one  thick-  Mr.  Sibert. 
ness  of   timber,   placed   so  that  there  will  be  a  1-in.  opening  be- 
tween the  pieces  of  sheeting  afc  the  lower  end  of  the  slope.     This 
opening  may  be  graduaUy  decreased  to  nothing  at  the  comb  of  the 
dam. 

The  lower  breasts  of  the  dams  and  aprons  are  of  open  crib 
work,  and  the  pieces  of  sheeting  on  the  apron  are  spaced  1  in.  apart; 
the  idea  being  to  let  out  any  leakage  that  gets  into  the  body  of  the 
dam. 

The  writer  has  seen  two  cases  where  the  sheeting  (not  double- 
lapped,  but  laid  close  on  the  aprons)  was  taken  off;  and  several 
cases  of  lifting  of  the  lower  slopes  of  dams,  due  to  close-fitting 
sheeting. 

Assuming  a  leakage  through  the  dam  and  under  the  apron,  as  pro- 
posed in  the  paper,  a  simple  calculation  will  show  that  the  pressure 
to  be  resisted  by  each  holding-down  driftbolt  in  the  apron  (there 
being  one  in  each  pile,  9  ft.  each  way)  will  be  excessive. 

No  reason  is  seen  for  a  pile  foundation  for  a  timber  crib  dam, 
unless  it  be  the  cost.  If  a  concrete  dam,  or  an  ultimate  rebuilding 
in  concrete,  is  contemplated,  there  is  a  reason,  and  a  section  for  such 
a  dam  is  shown  in  Fig.  28.  In  the  design  of  this  dam,  the  reduction 
of  the  cost  of  the  coffer-dam  to  a  minimum  was  aimed  at,  and  it  is 
thought  that  such  a  dam  can  be  built  at  low  cost.  The  timber  foun- 
dation for  the  concrete  top  can  be  built  without  the  use  of  a  coffer. 
The  concrete  base,  a  section  at  a  time,  as  high  as  low  water,  can  then 
be  put  in  behind  the  bulkhead  made  by  the  projecting  sheet-piling.  In 
building  the  remainder  of  the  dam,  a  sufficient  number  of  openings 
(each  about  10  ft.  wide)  to  carry  the  low-water  discharge  should  be 
left.  With  this  arrangement,  no  head  will  be  produced  at  the  dam  until 
the  closing  of  the  10-ft.  openings  is  commenced.  Beams  across  these 
openings  having  been  placed  while  building  the  contiguous  sections, 
little  trouble  should  be  experienced  in  bulkheading  off  these  openings 
so  as  to  fill  them  with  concrete. 

Length  and  Lift  of  Dams,  and  Height  of  Lock  Walls  above  Crest  of 
Dams. — This  is  a  subject  about  which  there  has  been  very  little  the- 
oretical discussion,  so  far  as  the  writer  knows.  The  available  data  for 
such  a  discussion  are  very  meager. 

The  result  desired  is  to  apportion  the  foregoing  elements  of  lock 
design  so  that,  when  the  lock  walls  are  submerged,  navigation  over  the 
dam  is  practicable. 

It  seems  to  have  been  solved  in  the  paper  by  adopting  a  uniform 
lift,  uniform  height  of  lock  wall  above  the  crest  of  the  dam,  and  a 
uniform  length  of  dam.  Apparently,  the  length  of  the  pools  above  and 
below  the  dams,  which  depended  of  course  upon  the  slope  of  the 
unimproved  river, was  left  out  of  consideration.  This  element  is  a  very 
important  one. 
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Mr.  Sibert.  The  lift  and  height  of  the  guard  wall  at  Lock  No.  1,  Black 
Warrior  River,  being  such  as  to  practically  produce  the  required  con- 
dition, a  similar  lift  and  height  of  guard  wall  was  adopted  for  the 
Warrior  system. 

An  examination  of  Fig.  1  shows  that  the  length  of  the  pool  below 
Lock  No.  1,  Black  Warrior,  is  46  miles;  the  five  upper  pools  in  the 
Warrior  River  vary  from  15  to  21  miles  in  length.  Jn  view  of 
the  fact  that  the  fall  at  the  dam  is  due,  not  only  to  the  height  of 
the  water  surface  at  the  crest  of  the  dam,  but  to  the  elevation  of 
the  water  surface  just  below  the  dam,  which  latter  condition  is  de- 
termined by  the  slope  necessary  for  the  discharge  of  the  flood  through 
the  pool  below,  it  seems  to  follow  that,  since  a  greater  elevation 
of  water  at  the  upper  end  of  a  long  pool  is  necessary  to  produce  a 
certain  slope  than  is  necessary  in  a  short  one,  boats  cannot  ordinarily 
go  over  the  dams  in  the  Warrior  River  when  the  lock  walls  are  just 
flooded. 

The  effect  of  lengthening  the  dam  by  digging  away  the  bank  locally, 
as  shown  in  Fig.  16,  can  very  easily  be  over-estimated. 


Fio.  29. 

Dam  No.  1,  on  the  Monongahela  River,  Fig.  29,  is  now  of  about 
the  same  design  as  proposed  in  the  paper.  This  condition  was  pro- 
duced by  the  unauthorized  building  out  of  the  banks  above  and  below 
the  dam.  The  question  is:  What  difference  would  it  make  if  the  bank 
was  filled  out  to  the  line  A  —  B?  It  is  noticed  that  during  flood 
stages  the  fall  at  the  dam  is  considerably  less  from  Cio  D  than  it  is 
along  the  remainder  of  the  crest.  Boats  often  go  over  the  dam  from 
C  to  2>,  when  they  cannot  go  over  the  other  part.  This  seems  to  show 
that  the  effect  of  this  local  widening  is  not  felt  entirely  across  the 
river  or  for  any  distance  above.  The  effect  of  such  a  widening  will 
vary  somewhere  between  that  apparently  expected  and  that  produced 
by  filling  once  the  extra  space.  To  produce  the  expected  result,  the 
channel  of  the  river  above  should  be  gradually  widened  to  the  dam. 
The  probable  effect  of  the  sudden  narrowing  of  the  channel  below  the 
dam,  in  the  manner  indicated  in  Fig.  16,  will  be  that  the  water  will 
be  deflected  toward  the  opposite  shore  and  increase  the  violence  of 
the  eddy  that  will  exist  below  the  lock.     This  eddy  passing  through 
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the  pile  clusters   will  cause  difficulty  in  entering  the  lock  from  Mr.  sibert. 
l)elow. 

There  are  not  many  points  in  the  construction  of  the  lock  itself 
that  vary  materially  from  the  practice  with  which  the  writer  is 
accustomed.     Some  few  are  worthy  of  mention,  however. 

On  the  Monongahela  Biveri  in  building  concrete  locks,  work  on 
the  20  to  30-ft.  blocks  or  monoliths  is  never  stopped,  night  or  day, 
until  the  monolith  is  completed. 


1 


10  «- 


I 


Fio.  80. 


Scour  below  a  dam  is  greatest  next  to  the  lock  wall  and  abutment. 
Sometimes  a  fill  will  be  noticed  in  the  center  of  the  stream,  while  a 
deep  narrow  channel  will  be  made  along  the  lock  wall,  due  probably 
to  the  guiding  effect  of  the  wall.  In  some  instances  on  the  Monon- 
gahela Biver  this  cut  is  25  ft.  deep.  This  would  indicate  that  the 
penetration  of  the  sheet-piling  to  a  depth  of  12  ft. ,  as  shown  in  the 
plan,  was  not  sufficient,  unless  a  submerged  protection  crib  was  built 
alongside  and  outside  the  lock  wall. 
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Mr.  Sibert.  The  method  of  opening  the  gates  is  a  departure  from  the  nsnal 
practice,  and  an  undesirable  one,  it  is  thought.  It  has  the  appear- 
ance of  taking  hold  of  the  wrong  end  of  the  gate.  Of  course,  it  is 
possible  to  apportion  the  lever  arm  and  force  in  such  a  way  as  to 
overcome  the  calculated  resistance,  but  there  is  often  an  uncaleulated 
resistance,  due  to  the  jamming  together  of  the  miter  posts,  especially 
when  these  posts  are  somewhat  old,  that  is  difficult  to  overcome  by  a 
force  applied  near  the  resistance.  In  starting  gates  thus  jammed,  on 
the  Monongahela  Biver,  }-in.  chains  have  been  broken,  the  point  of 
application  having  been  near  the  toe,  and  not  at  the  heel.  The  usual 
methods,  viz.,  by  a  rack  spar  working  in  a  pinion  on  a  capstan.  Fig.  30, 
or  by  a  spar  and  rope  seem  preferable  in  medium  and  small-sized 
locks.  In  the  larger  locks,  opening  and  closing  the  gates  by  chains 
is  the  usual  practice. 

Mr.D.  A.  Watt.  ^-  A.  Watt,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  will  prove 
of  much  interest  to  engineers  connected  with  works  of  canalization, 
because,  outside  of  the  reports  of  the  Chief  of  Engineers  of  the  U.  S. 
Army,  very  little  information  on  the  subject  is  accessible. 

One  feature  of  the  foundations  is  worthy  of  note,  namely,  the 
omission  of  a  timber  floor  on  the  piles  under  the  main  walls.  This  is 
a  practice  which  is  not  often  met  with  in  the  design  of  locks,  the  usual 
method  having  been  to  drift-bolt  caps  to  the  heads  of  the  piles,  and 
spike  on  a  plank  flooring  on  which  a  concrete  foundation  course  is 
commenced.  By  this  method,  however,  the  entire  weight  of  the 
masonry  has  to  be  carried  by  the  piles,  and  the  additional  support 
which  could  have  been  obtained  from  the  natural  foundation,  if  the 
concrete  had  surrounded  the  pile  heads,  is  not  turned  to  use.  Besides 
this,  the  strength  of  the  work  depends  on  the  ability  to  resist  crushing 
of  those  parts  of  the  caps  which  rest  on  the  piles,  and  through  which 
all  the  load  must  pass.  While  these  may  be  strong  enough  when  dry, 
they  become  weaker  when  wet,  as  experience  has  shown  that  timbers 
long  submerged  and  under  pressure  become  softened  by  the  water. 
It  is  probable  that  the  cracks,  which  have  appeared  after  a  lapse  of 
years,  in  some  walls  built  on  pile  foundations,  have  been  due  to  this 
cause. 

The  design  of  the  floors  of  locks  is  sometimes  open  to  similar  criti- 
cism. These  portions,  which  are  so  vital  a  point  in  the  structure,  too 
often  bear  the  stamp  of  lack  of  permanency,  whereas,  in  point  of  fact, 
they  ought  to  be  the  last  parts  ever  to  need  repairs.  The  opinion  of 
General  William  P.  Craighill,  Hon.  M.  Am.  Soc.  C.  E.,  ex-Chief  of  En- 
g^eers,  is  well  worthy  of  note  in  this  respect,  when,  in  a  report,  he 
stated  that  a  long  experience  had  convinced  him  that  in  all  construc- 
tion connected  with  a  lock,  especially  where  the  portions  would  be 
submerged,  nothing  but  the  best  and  most  permanent  work  was  worth 
putting  in.    This  fact  has  been  long  known  to  European  engineers,  and 


Papers.]  DISCUSSION  OK  IMPBOYEMENT  OF  RIVERS.  661 

the  use  of  impermanent  materials,  such  as  timber  floors,  for  perma-  Mr.  D.  a.  Watt. 

nent  constraction,  was  long  ago  discontinued  by  them.     Thej  are  well 

acquainted    with  the   fact   that   timber,  to    be    permanent    under 

water,   must  be  protected  from  all    currents,   or    it  will  be  worn 

away,    slowly    if    exposed   to  a  slight    current,     and      rapidly   if 

exposed  to  a    strong    one.      It  is  true  that  on    a    lock  floor   the 

fibers  will  be  eroded  slowly  and  at  a  very  different  rate  from  the 

sheathing  of  a  dam,  but  the  effect  will  be  none  the  less  sure,  and,  as 

a  renewal  will  mean  a  stoppage  of  navigation,  pumping  out  the  lock 

pit,  and,  in  extreme  cases,  having  to  build  a  coffer  around  the  entire 

lock,  the  amount  saved  by  a  cheap  first  construction  would  appear  to 

be  a  very  questionable  economy.     For  a  small  extra  expense,  where 

concrete  is    available,    a  solid   arched    floor  could   be    put   in,  one 

that  would  be  free  from  erosion  and  free  also  from  that  worst  of 

failures  in  a  lock,  an  upspringing  from  the  pressure  below.     In  the 

Suresnes  lock,  just  below  Paris,  completed  in  1885,  the  floor  consists 

of  an  arch  of  cut  stone,  with  a  rise  of  20  ins.  in  the  chamber  width  of 

59  ft.,  and  laid  on  a  bed  of  masonry  several  feet  thick.     This  is  a  most 

durable  method  of  construction,  and,  while  it  may  not  be  followed  to 

the  full  extent  in  America,  it  may  be  hoped  that  construction  which  is 

impermanent,  or  economical  only  in  its  flrst  cost,  will  soon  become  a 

thing  of  the  past. 

As  regards  the  underdraining  of  a  floor,  which  appears  to  be  a 
source  of  anxiety  to  many  engineers,  the  writer's  experience  has  led 
him  to  believe  that  the  only  safe  way  to  dispose  of  the  danger  from 
upward  pressure  is  to  build  the  floor  strong  enough  to  resist  it,  and  to 
let  the  seepage  from  the  upper  pool  force  its  way  out  by  making  a 
natural  channel  of  its  own.  For  this  purpose  there  is  no  section 
better  adapted  than  the  inverted  arch,  because,  for  the  amount  of 
material,  it  is  by  far  the  strongest  type  of  floor  built.  The  method  of 
providing  stone  sub-drains  seems  to  be  of  questionable  utility.  The 
rip-rap  fllling  in  a  crib,  in  rivers  of  ordinary  sediment,  will  become 
completely  choked  with  mud  in  a  single  winter,  and,  as  such  cribs  are 
usually  exposed  to  more  or  less  current,  it  would  seem  reasonable  to 
believe  that  a  sub-drain  exposed  in  time  of  floods  to  no  passage  of 
water  would  choke  up  as  readily,  and  thus  defeat  its  purpose. 

The  proposed  relief  by  using  ball  valves,  as  shown  in  Fig.  8,  while 
novel  and  ingenious,  is  open  to  objection  in  that  they  will  render  the 
pumping  out  of  the  lock  very  difficult.  Their  use  is  based  on  the  theory 
that  the  sheet-piling  will  prevent  seepage  from  the  outside,  except  to 
an  extent  which  can  be  cared  for  by  the  pumps.  The  writer  had 
occasion  to  pump  out  a  chamber  some  time  ago  under  a  lower-pool 
head  of  about  6  ft.,  the  lock  in  question  being  on  a  gravelly  foundation, 
and  surrounded  by  a  line  of  sheet-piling  driven  as  well  and  as  caref  uUy 
as  could  have  been  done  in  work  of  this  class.     The  floor  was  of  piles 
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Mr.  D.  A.  Watt,  and  double  plank,  overlaid  with  concrete.  Dnring  the  repairs,  some 
holes  had  to  be  drilled  to  the  plank,  and  wherever  one  came  in  con- 
tact with  a  joint  a  strong  jet  of  water  came  up  through  the  hole. 
Moreover,  when  pumping  was  begun  (with  a  10-in.  centrifugal  pump), 
it  was  found  impossible  to  lower  the  water  more  than  about  1  ft.  In- 
vestigation showed  that  the  stone  drain  usually  placed  behind  a  land 
wall  had  been  arranged  to  discharge  through  a  12-in.  pipe  into  the  tail- 
bay,  so  that  it  had  no  communication  with  the  pool  when  the  lower 
coffer  was  in,  and  the  water  flowing  through  it  must  have  come  under 
the  foundations  from  outside.  The  pipe  was  stopped  up  with  a 
wooden  plug,  and  the  chamber  emptied  without  further  difficulty. 
From  such  evidence  of  the  passage  of  water  beneath  a  porous  founda- 
tion, it  would  appear  reasonable  to  believe  that  where  openings  are 
made  through  a  floor  it  will  be  a  matter  of  considerable  difficulty  to 
pump  out. 

Mr.  Wiener.  GsoBOE  Y.  WisNER,  M.  Am.  Soc.  0.  E.  (by  letter). — The  engi- 
neering features  and  details  of  the  lock  construction  on  the  Black 
Warrior,  Warrior  and  Tombigbee  Bivers,  described  by  Mr.  McCalla, 
form  a  valuable  contribution  to  the  literature  on  river  improvement 
in  the  United  States.  Like  several  other  large  improvement  projects 
now  being  executed  by  the  Oeneral  Government,  the  question  of 
whether  the  benefits  to  be  derived  will  warrant  the  expenditure 
involved  has  been  given  but  little  consideration,  and  the  probable 
cost  of  transportation  per  ton,  as  stated,  is  by  no  means  a  fair  one 
for  comparison  with  railroad  rates  between  the  same  terminals. 

An  examination  of  the  map  of  Alabama  shows  fairly  good  railroad 
facilities  between  the  coal  fields  and  the  Gulf  ports,  and  the  rate 
quoted,  $1.10  per  ton  for  a  distance  of  upwards  of  400  miles  by  water 
route  and  275  miles  by  rail  (about  4  mills  per  ton-mile  by  rail,  and 
2.7  mills  per  ton- mile  for  distance  by  the  water  route),  is  certainly  not 
a  heavy  tax  on  the  development  of  the  mining  industries,  and  is 
probably  as  low  as  the  freight  can  be  carried  profitably  by  rail  at 
present,  and  nearly  as  low  as  the  rate  would  be  on  the  completed 
waterway  if  all  fixed  charges,  due  to  construction,  maintenance  and 
operation,  were  included  in  the  rates. 

If,  in  order  to  promote  competition  and  secure  minimum  railroad 
rates  from  the  coal  fields  of  Alabama  to  the  seaboard,  the  Greneral 
Government  should  furnish  a  right  of  way,  grade  the  roadbed,  lay 
the  rails,  and  maintain  a  first-class  double-track  railroad  between  the 
freight  terminals  at  the  mines  and  seaboard,  the  existing  railroads 
would  have  just  cause  of  complaint.  Yet,  to  construct  and  maintain 
a  waterway  between  the  same  terminals,  free  of  fixed  charges  for  con- 
struction, maintenance  and  operation,  involves  exactly  the  same 
objections.  If  the  sole  object  of  constructing  and  maintaining  a  free 
waterway  is  to  establish  transportation  rates,  to  meet  which  existing 
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railroads  must  be  operated  at  a  loss,  there  are  certainly  grave  donbts  Mr.  Wisner. 
whether  the  work  is  justified  or  warranted. 

In  the  writer's  opinion,  the  only  conditions  which  warrant  the 
General  Government  in  constructing  a  free  waterway,  between  termi- 
nals where  first-class  railroad  facilities  already  exist,  is  where  such 
waterway  will  develop  new  commerce,  which  otherwise  could  never 
be  made  profitable,  and  which  will  indirectly  build  up  new  freight 
traffic  of  benefit  to  the  railroads  as  well  as  to  the  waterway. 

The  result  of  the  improvement  of  the  waterways  of  the  Great  Lakes 
is  a  striking  example  of  building  up  new  commerce  which  otherwise 
could  not  have  been  established,  and  which  indirectly  has  resulted  in 
a  railroad  traffic  between  the  lake  ports  and  the  seaboard  which  has 
made  the  railroads,  in  competition  with  the  lake  waterway,  the  best 
dividend-paying  roads  of  the  country. 

The  Illinois  and  Mississippi  Canal,  from  the  Mississippi  Biver 
near  Bock  Island  to  Lake  Michigan  at  Chicago,  is  an  equally  striking 
example  of  useless  waste  of  public  money  for  a  waterway  which  will 
never  develop  new  commerce  to  any  material  extent,  nor  control 
the  rates  on  railroads  between  terminals.  Some  interesting  and 
instructive  engineering  work  in  the  way  of  concrete  lock  construction 
has  been  done  on  this  canal,  and,  as  an  example  of  how  to  build  good 
concrete  locks,  the  work  is  of  great  value  to  the  profession,  but,  from 
the  point  of  view  of  whether  it  will  pay,  either  directly  or  indirectly, 
the  project  should  never  have  been  undertaken. 

Under  which  of  these  classes  of  improvements  the  Alabama  work 
falls  is  a  question  which  should  have  been  more  thoroughly  considered 
by  the  Government  officials  than  would  seem  to  have  been  the  case. 

The  author  states  that  ''the  actual  cost  of  transportation,  w^hen 
the  lock  system  is  completed,  should  not  exceed  20  cents  per  short 
ton,  or  i  mill  per  ton-mile."  This  rate  does  not  include  anything  for 
interest  on  the  cost  of  construction,  annual  expenses  for  maintenance, 
repairs  and  operation,  or  for  profit  to  the  transportation  and  transfer 
companies. 

The  amount  by  which  these  fixed  charges  will  increase  the  trans- 
portation rate  cannot  be  stated  definitely  without  a  knowledge  of  the 
approximate  volume  of  traffic  to  be  expected. 

On  the  Erie  Canal,  a  waterway  of  approximately  the  same  depth 
as  the  one  under  consideration,  the  transportation  rate  averages 
about  2  mills  per  ton -mile,  and  as  both  are  free  waterways  it  is  fair 
to  presume  that  the  rates  on  the  Alabama  rivers  will  not  be  much 
different  from  that  of  the  Erie  Canal. 

On  the  Chesapeake  and  Ohio  Bailroad,  it  is  stated  that  coal  is  car- 
ried at  a  profit  on  a  rate  of  2}  mills  per  ton-mile,  and  since  this  rate 
involves  fixed  charges  for  cost  of  construction  and  maintenance  of  the 
road,  it  is  really  comparatively  less  than  the  Erie  Canal  rate. 
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Ifr.  Wisner.  The  Bessemer  and  Lake  Erie  Bailroad  is  said  to  carry  ore  from 
Conneant  to  Pittsburg  at  an  actual  cost,  for  transportation  alone,  of 
IJ  mills  per  ton -mile,  the  actual  freight  rate  being  3.65  mills  per  ton- 
mile. 

If  the  business  between  the  coal  fields  of  Alabama  and  the  seaboard 
wiU  warrant  the  expanditure  of  35  000  000  for  a  free  waterway,  there 
is  no  reason  why  a  double-track  freight  railroad,  capable  of  handling 
coal  as  cheaply  as  the  Chesapeake  and  Ohio  Bailroad,  could  not  be 
operated  at  a  profit  on  practically  as  lo^  a  transportation  rat«  as  is 
likely  to  be  charged  on  the  improved  waterway,  if  the  fixed  charges 
due  to  cost,  maintenance  and  operation  be  included. 

In  all  estimates  of  transportation  rates,  it  should  be  noted  that 
there  is  a  vast  difference  between  the  actual  cost  of  moving  a  ton  one 
mile  in  an  open  waterway  on  a  loaded  vessel,  and  the  rate  which  must 
be  charged  to  cover  profits,  deterioration  of  works  and  vessels,  repairs, 
operation,  maintenance,  fixed  charges,  and  loss  from  terminal  and 
other  detentions.  It  is  extremely  doubtful  if  the  boats  of  the  river 
waterway  would  be  able  to  go  sufficiently  near  the  mines  to  be  loaded 
without  first  handling  the  coal  with  cars  over  several  miles  of  railroad, 
which  would  involve  extensive  transfer  sheds,  and  a  large  addition  to 
the  cost  of  transportation  on  the  waterway,  which  would  be  eliminated 
from  the  rate  if  carried  on  cars  direct  from  the  mines  to  the  seaboard. 

No  data  are  given  in  the  paper  on  which  estimates  for  the  annual 
cost  of  maintenance  and  operation  can  be  based,  but,  if  the  waterway 
is  to  be  a  commercial  success  when  completed,  it  will  be  necessary  to 
operate  it  24  hours  each  day.  This  will  require  three  shifts  of  men  at 
each  lock,  and  as  the  rivers  are  very  crooked  and  narrow — in  many 
places  being  only  100  ft.  wide — a  thorough  system  of  lighting  for  both 
locks  and  channel  will  be  necessary. 

For  the  present  consideration,  the  following  approximate  estimate 
of  the  probable  annual  expense  account  is  based  upon  a  volume  of 
traffic  requiring  a  daily  24  hours'  service  and  the  waterway  maintained 
in  good  condition: 

Annual  cost  of  operation  and  supplies  :    Twenty  locks 

at  310  000 $200  000 

Lighting  of  locks  and  channel 50  000 

Maintenance  of  locks  and  channel 50  000 

Extraordinary  repairs,  supervision  and  contingencies    50  000 
Interest  on  $5  003  000  at  3% 150  000 

Probable  annual  expenses $500  000 

It  is  apparent,  therefore,  that,  until  the  volume  of  traffic  exceeds 
1  000  000  tons  per  year,  the  cost  of  transportation  due  to  the  necessary 
fixed  charges  alone  will  be  50  cents  per  ton,  or  more;  to  which  must  be 
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added  a  transportation  rate  of  probably  H  mills  per  ton-mile,  making  Mr.  Wisner. 
the  actual  cost  per  ton  between  terminals  practically  the  same  as  the 
present  railroad  rate. 

It  is  true  that  with  a  free  waterway  the  fixed  charges,  amounting  to 
about  one-half  the  total  annual  cost  of  transportation,  will  be  assumed 
by  the  General  Government,  but,  as  there  are  no  public  lands  to  be  de- 
veloped in  the  coal  regions  of  Alabama,  from  which  the  general  public 
are  to  receive  any  returns,  it  woidd  appear  that  the  only  parties  to  be 
benefited  by  the  improvement  are  the  owners  of  the  coal  and  iron 
mines  of  Central  Alabama.  If  this  is  the  case  it  is  an  open  question 
whether  the  improvement  is  of  sufficient  national  importance  to  war- 
rant the  General  Government  in  assuming  one-half  the  cost  of  trans- 
portation of  the  products  from  the  mines  to  the  seaboard,  and  whether, 
if  the  project  is  sufficiently  meritorious  to  warrant  the  expenditure,  it 
would  not  be  more  just  to  the  people  of  the  entire  country  to  charge 
sufficient  toll  to  make  the  enterprise  self-supporting,  and  thereby  place 
the  annual  expenses  on  the  property  and  business  to  be  benefited. 

It  is  not  the  writer^s  purpose  to  question  the  advisability  of  the 
project,  which,  from  the  data  available  in  the  reports  of  the  Chief  of 
Engineers,  cannot  be  stated  definitely,  but  to  raise  the  issue  as  to 
who  should  pay  for  and  maintain  improvements  of  waterways  and 
harbors  where  the  benefits  are  purely  local  and  have  no  direct  bearing 
on  the  commerce  of  the  whole  country.  The  large  number  of  projects 
provided  for  in  the  Biver  and  Harbor  Bill  of  1901  which  were  open  to 
this  criticism  caused  its  failure  to  pass  Congress,  and  the  bill  which 
recently  became  a  law  narrowly  escaped  the  same  fate,  for  similar 
reasons. 

There  is  a  tendency  on  the  part  of  legislators  to  scrutinize  this 
class  of  expenditures  more  closely  than  heretofore,  and  engineers  hav- 
ing charge  of  projects  requiring  national  support  will  have  to  show 
wherein  the  commerce  of  the  country  will  be  either  directly  or  indi- 
rectly benefited,  or  the  necessary  appropriations  will  not  be  obtained 
easily  in  the  future. 

John  M.  G.  Watt,  M.  Am.  Soc.  C.  E.  (by  letter). — The  problems  Mr.  J.  M.  G. 
involved  in  the  design  of  a  lock  to  be  constructed  on  the  solid  rock  are 
neither  difficult  nor  unusual,  being  simply  those  of  a  retaining  wall, 
or  of  a  wall  to  resist  hydrostatic  pressure,  combined,  in  certain  parts, 
with  the  thrust  from  the  gates.  The  chief  points  to  be  considered  are 
the  details,  principally  those  of  the  filling  and  emptying  valves  and 
the  machinery  of  the  lock.  If,  however,  the  foundations  are  not  on 
such  favorable  material,  complications  set  in,  and  these  must  be  pro- 
vided for  as  each  particular  case  may  demand.  The  writer  does  not 
propose  to  discuss  the  general  principles  of  lock  design,  but  to  call 
Attention  to  some  details  which  have  proved  useful  in  his  experience. 

The  guard  of  a  lock  with  a  fixed  dam,  or  the  height  of  its  top  above 
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Mr.  J.  M.  G.  the  dam  crest,  must  be  determined  in  accordance  -with  the  varying 

Watt 

conditions.     Theoretically,  it  should  be  such  that  navigation  over  the 

dam  can  be  had  from  the  moment  when  the  lock  passes  out  of  use 
through  submergence.  Practically,  other  conditions  may  determine 
this.  To  illustrate :  At  Lock  No.  8,  on  the  Kentucky  River,  where  the 
guard  is  10  ft.,  the  fall  over  the  dam,  when  the  lock  passes  out  of  use, 
is  from  7  to  9  ft. ,  consequently  there  can  be  no  passage  either  through 
the  lock  or  over  the  dam.  To  render  the  lock  navigable  until  the  river 
rises  to  such  a  height  as  to  obliterate  this  fall,  the  walls  would  need 
to  be  raised  about  5  ft. ,  necessitating  a  comparatively  large  outlay  for 
the  incommensurate  result  of  a  few  extra  days  of  navigation  each  year; 
but,  at  this  stage  of  the  river,  the  current  is  very  swift,  and  very  heavy 
drift  is  generally  running;  besides  this,  many  of  the  regular  landings 
are  submerged,  and  passage  under  some  of  the  bridges  over  the  river 
is  impossible;  therefore  navigation  is  suspended  until  the  rise  has  par- 
tially subsided.  In  view  of  this  condition  it  would  not  have  been 
economy  to  make  the  guard  15  ft.,  and  it  was  therefore  made  such  that 
the  lock  could  be  used  up  to  the  stage  when  boats  generally  stopped 
running. 

For  filling  and  emptying  the  lock,  in  the  writer's  opinion,  culverts 
in  the  walls,  passing  around  the  hollow  quoin,  are  the  best.  Valves 
in  the  gates  are  a  possible  source  of  weakness,  and,  whether  opened 
with  worm-gear  or  with  rack  and  quadrant,  all  offer  the  objection  that 
they  have  to  be  maneuvered  on  the  narrow  width  of  the  gate,  in  all 
sorts  of  weather  and  temperature,  and  both  day  and  night,  being  espe- 
cially dangerous  when  the  gates  are  coated  with  snow  or  sleet.  Cul- 
verts in  the  waUs  may  be  closed  with  butterfly  valves  on  a  vertical 
axis,  or  with  cylindrical  valves.  If  the  former,  the  frames  in  which 
they  fit  should  be  of  metal,  not  of  wood,  and  should  be  cemented  water- 
tight when  set.  Those  with  which  the  writer  has  had  to  do  are  made, 
some  of  cast  iron,  others  of  wrought  plates,  channels  and  angles,  all  with 
unequal  arms,  and  opening  with  the  longer  arm  inward  and  up  stream  ; 
these  arms  are  designed  so  that,  when  the  valve  is  closed,  the  longer 
arm  has  less  of  its  surface  exposed  to  the  water  pressure  than  the 
shorter,  and,  consequently,  the  excess  of  pressure  keeps  the  valve  closed. 
Cylindrical,  cast-iron  valves  are  in  use  upon  the  Muskingum  Biver,  and 
have  given  satisfaction;  they  will  be  used  in  Locks  Nos.  1  and  2,  on  the 
Big  Sandy  Biver,  Locks  Nos.  9  and  10,  on  the  Kentucky  Biver,  and  in 
the  proposed  lock  at  Colbert  Shoals,  in  the  Tennessee  Biver.  They 
have  the  advantage  of  simplicity  and  of  ease  in  operation,  and  are  set 
farther  back  from  the  face  of  the  wall  than  the  butterfly  valves,  thus 
giving  the  lockmen  greater  safety  when  operating  in  icy  weather. 

For  opening  and  closing  the  gates  by  hand  power;  the  writer,  after 
much  investigation,  has  found  nothing  entirely  satisfactory,  but  the 
best,  in  his  opinion,  is  the  steel  rack-bar,  built  up  of  two  channels^ 
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latticed,  with  cast-iron  rack,  attached  to  the  top  of  the  gate  at  abont  Mr.  j.  M.  a. 

one- third  the  distance  from  the  miter  post,  or  less.      This  rack  is 

operated  by  a  gear  wheel  on  which  is  a  capstan  head  with  sockets  for 

bars,  and  which  can  be  set  back  far  enough  on  the  wall  to  ensure  safety 

to  the  men  if  they  should  slip  when  nearest  to  the  lock  pit.     For  the 

river  walls,  this  rack  should  be  supported,  when  the  gate  is  open,  on 

a  bracket  on  the  outside  of  the  wall,  removable  in  times  of  flood. 

For  coffering  the  upper  and  lower  bays,  in  order  to  make  repairs  in 
the  chamber,  permanent  trestles  to  support  needles  have  been  used. 
The  writer  considers  these  objectionable,  for  two  reasons :  First,  the 
danger  of  deterioration  by  rust.  These  trestles  are  constantly  under 
water,  and  inspection  cannot  be  had,  nor  can  they  be  repainted  without 
removal  by  a  diver,  or  unless  the  pool  is  drawn,  or  another  coffer  put 
in,  suspending  navigation  for  the  time;  consequently,  when  the  time 
comes  to  use  the  trestles,  they  may  prove  unreliable  because  of  loss  of 
strength  by  rust.  The  other  reason  is  that  they  are  in  the  way  of 
dredging.  Trestles  were  put  in  the  upper  entrance  to  Lock  No.  6,  on 
the  Kentucky  River,  when  built  in  1891,  but  there  has  never  yet  been 
occasion  to  use  them.  Dredging  is  necessary  there  every  year  after 
the  winter  and  spring  rises,  and  great  care  is  exercised  by  the  dredge 
runner  at  that  spot,  yet,  in  spite  of  this  care,  the  trestles  are  struck 
more  or  less  often  by  the  dredge  dipper,  and  one  was  caught  so  badly 
that  it  was  torn  out;  whether  the  others  are  in  a  flt  state  to  use,  or 
whether  they  are  bent  or  distorted,  is  not  known.  For  locks  having  a 
width  of  not  more  than  52  ft.  in  the  chamber,  timber  beams  can  be 
built  up  to  span  the  opening,  letting  the  needles  rest  against  them  and 
against  a  shoulder  made  for  that  purpose  on  the  lock  floor.  For  larger 
spans  it  would  be  desirable  to  use  a  removable  steel  truss  above  the 
water  level,  supported  on  temporary  timbers,  or  removable  trestles, 
both  with  steel  needles  formed  of  I-beams  and  buckle  plates,  from  2 
to  4  ft.  wide,  or  with  ordinary  timber  needles.  The  journals  for  these 
trestles  would  be  set  permanently,  and  would  be  made  extra  heavy  to 
resist  rust.  The  trestles  would  be  10  ft.  apart,  and  it  would  take  but 
a  shore  while  to  set  them  and  their  needles  in  place.  After  use  they 
would  be  removed,  cleaned  and  taken  to  their  place  of  storage,  where 
they  could  always  be  inspected  and  kept  in  good  condition. 

The  question  of  whether  a  fixed  or  a  movable  dam  should  be  used, 
is  one  that  must  be  decided  by  the  requirements  of  the  commerce  of 
the  river  under  coDsideration. 

For  a  fixed  dam,  the  experience  of  the  writer  has  led  him  strongly 
to  prefer  a  concrete  to  a  timber  structure,  as  being  more  economical, 
and  less  a  cause  of  worry.  Timber  is  supposed  to  last  indefinitely 
nnder  water,  and,  as  a  general  rule,  it  does,  but  it  is  just  the  excep- 
tions that  cause  all  the  trouble,  and  the  writer  has  been  compelled  to 
tear  out  many  thousands  of  feet  of  good  timber  in  order  to  get  down 
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Mr.  J.  M.  G.  deep  enough  to  that  which  had  rotted  and  was  causing  the  over- 
*  ■  turning  of  the  structure.  When  the  cost  of  this  demolition  and 
reconstruction  is  taken  into  acoouDt,  it  will  be  found  that  concrete  ia 
just  as  cheap.  If  concrete  is  used,  the  down-stream  slope  of  the  dam 
should  not  be  steeper  than  46^,  and  it  should  terminate  in  an  aproir 
with  a  flat  curve  upward.  This  apron  should  be  as  long  as  possible, 
in  order  to  give  a  good  discharge  to  the  water.   See  Fig.  31. 

If  a  dam  of  timber  cribs  filled  with  stone  is  used,  it  can,  unless  the 
river  is  a  very  swift  one,  be  built  along  the  shore,  in  quiet  water,  for 
several  courses,  and  then  be  towed  to  position,  sunk  and  filled.  The 
bottom  course  of  timber  should  be  blocked  up  so  as  to  fit  the  bed  of 
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the  river,  approximately,  according  to  soundings  taken  before  build- 
ing; this  has  been  carried  out  successfully  by  the  writer  with  cribs 
250  ft.  long,  50  ft.  wide  and  8  to  10  ft.  high,  with  very  little  trouble. 
This  method  has  the  advantage  of  leaving  the  river  open  until  the 
last  moment.  This  kind  of  dam  is  dependent  only  upon  its  weight, 
the  timber  cribs  being  simply  so  many  boxes  to  prevent  the  stone 
from  being  washed  away,  and  all  dapping  of  cross-timbers  and  splicing 
of  longitudinal  timbers  is  an  unnecessary  expense.  It  has  been  the 
writer's  practice  to  use  butt  joints  everywhere.  In  the  face  of  the 
work  the  butt  joints  of  the  stringers  come  over  a  tie,  in  the  interior 
they  may  come  over  a  tie  or  anywhere  between  two  ties;  the  result 
has  been  quite  satisfactory  and  cheap.    The  use  of  timbers  square  in. 
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cross-section,  and  not  simply  oblong,  is  also  advisable  for  economy.  Mr.  J.  M.  Q. 
Any  side  may  then  be  put  uppermost,  and  no  time  is  wasted  in  ^^ 
making  extra  turns.  This  item  is  small,  but  is  worth  consideration. 
The  most  economical  size  of  timber  on  the  work  on  the  Kentucky 
Biver  has  proved  to  be  10  z  10  ins. ,  this  being  more  easily  obtained 
than  12  x  12  ins.,  and  being  amply  large.  The  pens  of  dams  and  cribs 
are  all  10  ft.  from  center  to  center  each  way.  The  sheathing  on  the 
up-stream  side  of  the  dams  is  formed  of  one  layer  of  3-in.  plank, 
covered  by  2-in.  plank,  breaking  joints.  These  can  be  laid  close 
enough  to  obviate  any  necessity  for  caulking,  but  should  any  joints 
open  they  will  soon  be  filled  with  deposit.  The  top  layer  of  the 
sheathing  is  in  two  lengths,  the  one  next  the  crest  being  short,  as  it 
can  then  be  removed  easily  when  worn  out,  and  replaced  without 
drawing  the  pool  down  more  than  12  or  15  ins.  Probably  a  still 
better  way  to  construct  the  crest  would  be  to  stop  the  sheathing 
12  ins.  from  the  crest,  and  fill  this  space  with  longitudinal  12-in. 
plank.  This  would  entail  less  labor  and  time  in  tearing  up  when 
worn  out. 
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Subject  for  Discussion. 

''Is  steel  susceptible  of  being  made  as  permanent  a  building  material 

as  masonry  ?  " 


By  John  F.  O'Roubke,  M.  Am.  Soc.  C.  E. 


Mr.O'Rourke.  J.  F.  O'RouBKE,  M.  Am.  Soc.  C.  E.— Perhaps  the  principal  feature 
in  relation  to  the  durability  of  steel  is  the  effect  of  water  upon  steel 
in  structures.  If  steel  or  metal  is  exposed  to  the  combined  action  of 
air  and  water  a  condition  is  brought  about  that  soon  produces  rust, 
which  is  simply  the  decomposition  of  the  metal.  One  of  the  most  illu- 
minating examples  of  the  effect  of  water  on  metal,  with  and  without 
air,  was  brought  to  the  speaker's  notice  about  three  years  ago.  Will- 
son,  Adams  &  Co. ,  lumber  dealers  on  the  Harlem  River,  had  put  in  an 
artesian  well,  hoping  to  get  water  to  take  the  place  of  the  Croton  sup- 
ply. The  water  obtained  was  brackish,  but  much  cooler  than  the 
Croton  water  in  summer.  It  was  not  fit  to  drink,  but,  in  order  to 
take  advantage  of  its  temperature,  they  made  a  \J  of  |-in.  pipe,  carry- 
ing it  down  about  100  ft.  into  the  well  and  putting  a  faucet  on  its 
return  end.  In  this  way  they  obtained  a  pleasant  temperature  for 
'  drinking  water  all  the  year  round.     This  pipe  was  retained  in  place 

*  The  discussion  of  this  subject,  on  which  no  formal  paper  was  presented,  is  con- 
tinued from  the  August,  1902,  Proceedings. 
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for,  perhaps,  ten  years.     At  the  end  of  that  time  it  had  rusted  off  and  Mr.  0*Rourk«. 

liad  to  be  taken  out.     The  part  of  this  pipe  above  the  water  was  found 

to  be  absolutely  rotten.     The  pipe  which  had  been  below  the  water 

-was  in  perfect  condition,  and  even  retained  the  blue  mill  scale  and 

tool  marks.     Upon  this  part  of  the  pipe,  however,  there  was  a  whitish 

coating,  like  thin  whitevrash,  which  could   be  rubbed   off  with  the 

fingers.     Whether  this  coating  preserved  the  metal  from  oxidation,  or 

"whether  it  was  the  fact  that  metal  does  not  become  oxidized  in  water 

Alone,  are  matters  for  future  discussion.     The  fact  is,  the  metal  which 

liad  been  below  water  did  not  show  the  least  sign  of  decomposition  of 

any  kind. 

A  short  distance  below  the  yard  of  Willson,  Adams  &  Co.,  the  old 
'bridge  which  crossed  the  Harlem  Biver  at  Third  Avenue  had  been 
snpported  on  pneumatic  piles — the  speaker  thinks  they  were  among 
the  first  that  were  put  down  in  this  country.  These  piles  were  of  cast 
iron,  6  to  8  ft.  in  diameter,  with  interior  flanges  and  bolts  to  connect 
them.  These  bolts  were  put  in  in  the  usual  way;  and  the  piles,  after 
being  sunk  to  place,  were  filled  with  concrete.  The  joints  were  not 
water-tight;  they  never  are;  so  everything  was  immersed,  being  below 
the  river  surface.  After  35  or  40  years,  when  these  piles  were 
removed,  at  the  time  of  building  the  present  structure,  the  bolts  in 
the  flanges  were  found  to  be  perfectly  free  from  rust.  Not  only  that, 
they  were  greasy ;  the  oil  on  the  bolts  was  there,  apparently  in  the 
same  condition  as  when  put  in  years  before. 

The  speaker  has  never  known  a  case  where  steel  or  iron  corroded 
when  kept  away  from  the  influence  of  the  air.  He  has  no  hesitation 
whatever  in  using  steel  in  connection  with  structures  where  there  is 
clean  water,  if  the  water  remains  at  a  constant  level;  no  more  than  ha 
has  in  using  wood  under  similar  conditions. 

At  the  present  day  everybody  wants  structures  built  of  what  might 
be  called  high-power  material.  High  power  material,  in  the  speaker's 
opinion,  not  only  possesses  high  power,  but  high  durability  to  the 
same  extent,  and  it  only  requires  care  to  keep  it  properly  protected 
-against  rust.  The  speaker  would  use  steel  or  iron  under  the  same 
conditions  that  he  would  use  wood. 

The  durability  of  pipes  is  greater  when  there  are  inorganic  or  min- 
eral impurities  in  the  water,  than  when  the  water  contains  organic 
impurities,  as  Mr.  Darrach  has  intimated. 

The  speaker  has  known  of  cases,  and  there  are  cases  on  record  in 
the  Transactiwis  of  this  Society,  where  piles  which  were  constantly 
submerged  have  rotted,  simply  because  they  were  exposed  to  the 
action  of  sewage;  or,  in  other  words,  because  they  came  in  contact 
with  organic  impurities.  Organic  impurities  act  on  steel  or  wood 
just  as  a  salicylic  acid  bath  would  act  on  masonry.  No  one  will  con- 
tend that  any  material  is  indestructible  when  in  contact  with  sub- 
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Mr.  O'Bourke.  stances  which  will  break  it  up.  Organic  impurities  will  destroy  any- 
thing. They  cause  loss  of  materials  and  loss  of  life.  Man  cannot 
stand  them,  nor  can  iron.  Inorganic  impurities,  or  the  clean  chemical 
agents,  under  certain  conditions,  will  act  in  a  manner  that  can  be 
foreseen,  but  with  the  many  organic  impurities,  few  of  which  are  suffi- 
ciently known,  there  is  too  much  uncertainty.  When  they  exist, 
metal,  however  protected,  should  not  be  risked. 
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MEMOIES  OF  DECEASED  MEMBERS. 

NoTB.— Memoirs  wUl  be  reproduced  In  the  Volumes  of  Transactions.  Any  informa- 
tion which  will  amplify  the  records  as  here  printed,  or  correct  any  errors,  should  be 
forwarded  to  the  Secretary  prior  to  the  final  Pubhcation. 


IRk  ALEXANDER  SHALER,  M.  Am.  Soe.  C.  E.* 


Died  Jxnm  29th,  1902. 


Ira  Alexander  Shaler  was  born  in  Bidgefield,  New  Jersey,  on  Sep* 
tember  19th,  1862.  He  was  the  son  of  General  Alexander  Shaler,  who 
sorved  in  the  Army  of  the  Potomac  with  distinction.  His  mother,  be- 
fore marriage,  was  Miss  Mary  McMnrray,  of  New  York  City.  Major 
Shaler  was  a  direct  descendant,  in  the  eighth  generation,  of  Captain 
Thomas  Shaler,  who  came  to  America  from  Stratford  on  Avon, 
England,  in  1662,  and,  with  twenty-seven  other  emigrants,  founded 
the  town  of  Hadden,  in  Connecticut,  where  most  of  his  descendants  lie 
buried. 

At  the  age  of  eight  young  Shaler  was  sent  to  a  private  school  iu 
New  York.  Three  years  later  he  entered  the  Public  Grammar  School 
No.  55,  from  which  he  was  gradxiated  in  1878.  For  the  next  two  yeara 
he  studied  at  the  College  of  the  City  of  New  York,  and  in  all  these 
schools  his  record  was  excellent. 

On  September  16th,  1880,  he  entered  Cornell  University  as  a  soph- 
omore,  taking  for  the  first  year  the  general  course  of  Science  and 
liOtters.  Feeling,  however,  that  this  led  to  no  particular  profession, 
and  desiring  to  work  for  some  specific  purpose,  he  decided  to  take  the 
course  of  (3ivil  Engineering.  He  was  graduated,  with  the  degree  B. 
C  E.,  in  1884.  Two  years  later  he  received  his  M.  C.  E.  from  Cornell 
University. 

Soon  after  graduation  he  entered  the  Engineer  Corps  of  the 
Aqueduct  Commissioners  of  the  City  of  New  York,  being  first  engaged 
in  the  office  of  the  Chief  Engineer,  and,  later,  in  the  field,  on  the  con- 
struction of  the  New  Croton  Aqueduct.  As  Assistant  Engineer  he  had 
charge  of  a  section  of  the  Aqueduct  Tunnel  on  Manhattan  Island,  of 
the  135th-Street  Q&te  House,  and  of  the  pipe  line  from  135th  to  125th 
Streets. 

His  tastes,  however,  were  more  in  the  line  of  contracting  than  of 
engineering,  and,  therefore,  he  left  the  service  of  the  Aqueduct  Com- 
missioners in  1889  to  engage  in  contracting.  Among  the  works  exe* 
cuted  by  him,  either  alone  or  in  partnership  with  others,  were  the 
Cornell  Hydraulic  Laboratory;  the  Titicus  Dam,  forming  a  reservoir 
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for  New  York  City;  the  United  States  fortifications  on  Gull  Island;  the 
Cold  Spring  (N.  Y.)Dam;  the  water- works  for  Gloversville,  New  York, 
and  the  changing  of  the  Madison  Avenue  car  tracks  to  a  conduit  elec- 
tric system. 

At  the  beginning  of  the  Spanish  War,  Major  Shaler  oflfered  his 
services  to  the  Governor  of  New  York  to  raise  an  engineer  regiment  to 
serve  during  the  war,  but,  learning  that  the  Governor  had  no 
authority  to  furnish  such  a  regiment,  he  accepted  an  invitation 
from  Colonel  Eugene  Griffin  to  assist  him  in  organizing  the  First  Reg- 
iment, U.  S.  Volunteer  Engineers,  and  was  appointed  Captain  of 
Company  F.  He  accompanied  this  Begiment  to  Puerto  Bico,  and 
returned  with  it  as  Major  of  the  Second  Battalion. 

In  January,  1899,  Major  Shaler  was  married  to  Miss  Mary  Duncan 
Leverich.  After  spending  a  year  abroad  with  his  wife,  he  returned  to 
New  York  to  engage  again  in  contracting,  and  obtained  a  sub-contract 
for  Section  4  of  the  New  York  Bapid  Transit  Boad.  This  section,  which 
is  entirely  in  tunnel,  extends  under  Fourth  Avenue  from  34th  to  42d 
Streets.  On  this  work  Major  Shaler  met  with  a  series  of  almost  un- 
paralleled misfortunes.  On  January  27th,  1902,  his  supply  of  dyna- 
mite exploded,  killing  five  persons  and  doing  great  damage  to  the 
Murray  Hill  Hotel  and  other  buildings.  While  Major  Shaler  was 
exonerat<ed  from  all  blame  in  this  matter,  he  was  responsible  for  the 
damage  done.     This  explosion  ruined  him,  financially. 

On  February  22d  occurred  the  conflagration  of  the  71st  Begiment 
Armory  at  34th  Street  and  Fourth  Avenue,  which  burned  a  part  of 
Major  Shaler's  plant  and  tools.  On  March  2l8t  some  ledges  of  rock 
slid  into  the  tunnel,  causing  such  damage  to  four  houses  opposite  that 
they  had  to  be  purchased  by  the  contractor  to  avoid  suits  for  damages. 
This  series'  of  disasters  culminated  on  June  17th,  when  Major  Shaler 
was  inspecting  his  tunnel  with  Chief  Engineer  William  Barclay  Par- 
sons and  Deputy  Chief  Engineer  George  S.  Bice.  A  mass  of  rock 
became  detached  from  the  roof  and  struck  Major  Shaler  on  the  back 
of  his  head  and  shoulders,  causing  injuries  of  which  he  died  on  June 
29th,  1902. 

Major  Shaler  had  a  force  of  character  that  inspired  with  confidence 
aU  who  came  in  contact  with  him.  His  mind  was  well  balanced. 
In  prosperity,  as  in  adversity,  he  remained  the  same.  He  had  a  cheer- 
ful disposition,  was  very  energetic,  a  disciplinarian,  and  yet  so  just 
that  he  was  liked  by  those  who  worked  under  him.  By  nature  cautious, 
he  would  discard  defective  machinery  long  before  it  was  worn  out.  He 
was  very  conscientious,  and  followed  what  he  conceived  to  be  his  dutv 
even  though  it  involved  a  loss.  At  the  outbreak  of  the  Spanish  War, 
though  engaged  to  be  married,  nothing  could  deter  him  from  per- 
forming what  he  conceived  to  be  his  duty,  viz.,  to  ofier  his  services  to- 
bis  countrv. 
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Hifi  manly  character,  genial  disposition  and  many  other  sterling 

qualities  won  him  a  host  of  friends.     His  unselfish  nature  was  well 

shown  by  the  first  words  he  uttered  after  being  stricken  down  by  the 

lieavy  piece  of  rock  that  broke  his  back  and  inflicted  other  serious 

injuries.     These  words  were: 

"  I  am  afraid  that  my  back  is  broken,  for  I  have  no  feeling  in  my 
body.  Take  me  to  the  hospital,  so  that  Mrs.  Shaler  won't  see  me  until 
she  has  been  warned.  Break  the  news  to  her  just  as  gently  as  you 
can,  then  bring  her  to  me.  Bring,  also,  my  father  and  mother.  Let 
the  work  on  this  section  go  right  on." 

Major  Shaler  was  a  member  of  the  Alpha  Delta  Phi,  Barnard  and 

Cornell  Clubs,  and  a  member  of  the  Loyal  Legion  (second  class).     He 

was  elected  a  Junior  of  the  American  Society  of  Civil  Engineers  on 

July  4th,  1888,  and  a  Member  on  June  5th,  1895. 
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MINUTES  OF  MEETINQS. 


OF  THE  SOCIETY. 


October  ist,  190J. — The  meeting  was  called  to  order  at  8.40  p.  m., 
Joseph  M.  Knap,  Treasurer,  Am.  Soc.  C.  £. ,  in  the  chair;  .Assistant 
Secretary  T.  J.  McMinn  acting  as  Secretary;  and  present,  also,  76 
members  and  7  visitors.    . 

The  minutes  of  the  meetings  of  September  3d  and  17th,  1902,  were 
approved  as  printed  in  Proceedings  for  September,  1902. 

A  paper  by  Theron  A.  Noble,  M.  Am.  Soc.  C.  E.,  entitled^**  The 
Plow  of  Water  in  Wood  Pipes,"  was  presented  by  the  Acting  Secre- 
tary, who  also  read  communications  on  the  subject  from  Messrs. 
Ernest  W.  Schoder  and  A.  V.  Saph.  The  paper  was  discussed  orally 
by  Messrs.  Q^rdner  S.  Williams  and  Budolph  Hering. 
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Ballots  for  membership  were  canvassed,  and  the  following  oandi> 
dates  were  elected: 

As  Members. 

Perot  AiiLAN,  Sydney,  N.  S.  W.,  Australia. 

George  Joseph  Bell,  Carlisle,  England. 

George  HoiiiiAND  Binkley,  Chicago,  HI. 

George  Bowers,  Lowell,  Mass. 

Francis  Elihu  Crane,  Amsterdam,  N.  Y. 

Harvey  Farrington,  Croton-on-Hndson,  N.  Y. 

Julian  Way  ELendrick,  Birmingham,  Ala. 

Charles  Henry  Kluegel,  Honolulu,  Hawaiian  Islands. 

Thomas  Hoggan  Mather,  Syracuse,  N.  Y. 

Frank  Berry  Sanborn,  Tufts  College,  Mass. 

Frederick  Eduabd  Schall,  South  Bethlehem,  Pa. 

George  Washington  Sublette,  Minneapolis,  Minn. 

Fred  Thompson,  Norfolk,  Va. 

Charles  Hunter  West,  Greenville,  Miss. 

Boscoe  Cyprian  Young,  Iowa  Falls,  Iowa. 

As  Associate  Members. 

Balph  Albree,  Allegheny,  Pa. 

BiGHARD  William  Carter,  Leavenworth,  Eans. 

Alger  Adams  Conger,  Sault  Ste.  Marie,  Mich. 

Dudley  Tibbits  Corning,  Tomhannock,  N.  Y. 

Washington  Bighter  Craig,  St.  Marys,  Pa. 

Frank  Oliver  Dupour,  Cincinnati,  Ohio. 

George  Harrison  Fenkell,  Erie,  Pa. 

Frederick  Luther  Ford,  Hartford,  Conn. 

Bay  Elliott  Griswold,  Port  of  Spain,  Trinidad,  B.  W.  L 

Louis  Wells  Hall,  Tuscaloosa,  Ala. 

Frederick  Eugene  Lane,  Brooklyn,  N.  Y. 

Norman  Banks  Livermore,  San  Francisco,  Cal. 

Don  Alexander  MacCrea,  Guthrie,  Okla.  T. 

Lewis  Henry  Mattair,  Matanzas,  Cuba. 

Henry  Francis  Nichols,  Adelaide,  South  Australia. 

Edmund  Payton  Bamsey,  Brooklyn,  N.  Y. 

Carl  Louis  Eduard  Schenk,  Walkers  Mills,  Pa. 

William  Frederick  Stefpens,  New  York  City. 

Warren  Ayres  Tyrrell,  St.  Louis,  Mo. 

The  Acting  Secretary  read  the  list  of  nominees*  presented  by  the 
Nominating  Committee  for  the  offices  to  be  filled  at  the  next  Annual 

Meeting,  January  21st,  1903. 



*  See  page  SOS. 
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The  Acting  Secretary  annonncod  the  death  of  Charles  Hazlehdbst 
Liatbobe;  elected  Member,  November  16th,  1870;  died  September  19th, 
1902. 

Adjourned. 

October  i5th,  i9oa._The  meeting  was  called  to  order  at  8.40p.  h., 
£niil  Euichling,  Director,  Am.  Soc.  C.  E.,  in  the  chair;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  83  members  and  15  gnests. 

A  paper,  entitled  '*  The  Protection  and  Improvement  of  Foreshores 
by  the  Utilization  of  Tidal  and  Wave  Action,"  by  R.  G.  Allanson- 
Winn,  M.  Inst.  C.  E.  I.,  was  presented  by  the  Secretary,  who  also  read 
communications  on  the  subject  from  L.  M.  Haupt,  M.  Am.  Soc.  C.  E., 
and  the  author. 

The  paper  was  discussed  orally  by  Messrs.  Rudolph  Bering  and  E. 
B.  Thomson. 

The  Secretary  announced  the  election  of  the  following  candidates 
by  the  Board  of  Direction  on  October  7th,  1902: 

As  Associate. 
Mebbill  Watson,  New  York  City. 

As  JUNIOBS. 

EowABD  Maguxre  Adams,  Washington,  D.  C. 

Alexander  Floyd  Armstbono,  Ogdensburg,  N.  Y. 

Harold  Jambs  Manninq  Baker,  Port  Townsend,  Wash. 

Howard  Edward  Board B£an,  New  York  City. 

Oliver  Cromwell  Edwards,  Jr.,  Steuben ville,  Ohio. 

John  Warren  DuBois  Gould,  Yonkers,  N.  Y. 

Lewis  Tustler  Haney,  St.  Elmo,  Va. 

Edward  Cbeswell  Heald,  PhoBuixville,  Pa. 

Stirling  Bryant  Hill,  Ithaca,  N.  Y. 

Alexander  Rieman  Holliday,  New  Castle,  Pa. 

Shirley  Clarke  Hulse,  Ithaca,  N.  Y. 

Ralph  Charles  Kimball,  Evart,  Mich. 

Eibffer  Lindsey,  Columbus,  Ga. 

Harry  Peake  McDonald,  Jr.,  Jersey  City,  N.  J. 

John  Henry  Madden,  New  York  City. 

David  Heydorn  Ray,  New  York  City. 

Ralph  Harvey  Sarin,  Sherman,  Tex. 

Charles  Herman  Snyder,  Johnstown,  Pa. 

William  Pubves  Taylor,  Philadelphia,  Pa. 

.   Adjourned. 
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OP  THB  BOARD  OP  DIRECTION. 

(Abstract.) 

September  ad,  190a.— Vice-President  Schneider  in  the  chair;  T.  J. 
McMinn  acting  as  Secretary;  and  present,  also»  Messrs.  Briggs, 
Osbom,  Fegram  and  Seaman. 

Reconsideration  ballots  were  canvassed,  and  Marc  Otto  Eidlitz  and 
Hans  August  Evald  Conrad  yon  Schon  were  declared  elected  Members 
of  the  Society,  and  George  Corrie  Bartram  was  declared  elected  an 
Associate  Member  of  the  Society. 

Applications  were  considered  and  other  rontine  business  trans- 
acted. 

Seven  candidates  for  Junior  were  elected.* 

Adjourned. 

October  7th,  190a.— Vice-President  Haines  in  the  chair;  Chas. 
Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Croes,  Frazier, 
Jackson,  O'Bourke,  Osbom,  Schneider,  Seaman,  Van  Hoesen  and 
Wilgus. 

The  time  and  place  for  holding  the  next  Annual  Convention  was 
considered,  and  the  Chairman  authorized  to  appoint  a  Committee  to 
report  to  the  Board  on  the  matter. 

A  proposed  change  in  the  form  of  ballots  for  the  election  of  mem- 
bers was  considered. 

The  appointment  of  the  following  Committee,  to  award  prizes  for 
the  year  ending  with  the  Transactions  for  July,  1902,  was  an- 
nounced: H.  M.  Chittenden,  Bernard  B.  Green,  L.  F.  G.  Bouscaren. 

Notice  was  received  from  the  Executor  of  the  will  of  the  late  Her- 
bert Steward,  Assoc.  Am.  Soc.  C.  E.,  that  he  was  prepared  to  pay  Mr. 
Steward's  bequest  to  the  Society.  The  extract  from  Mr.  Steward's  will, 
making  this  bequest,  is  as  follows: 

^'I  give  and  bequeath  to  the  American  Society  of  Civil  Engineers 
the  sum  of  two  thousand  dollars,  to  be  known  as  thre  Herbert  Steward 
Library  Fund.  The  fund  shall  be  invested  and  utilized  as  the  Board 
of  Direction  of  said^ Society  may  elect,  provided  it  shall  secure  a  yearly 
income;  which  income  shall  be  entirely  expended  each  year  for  the 
purchase  of  books,  maps,  or  apparatus  suitable  for  the  Library  of  said 
Society,  or  for  the  purpose  of  promulgating  engineenng  information. 
I  also  give  to  said  Society  such  technical  books  from  my  library  as  may 
be  selected  by  the  Secretary  of  the  Society." 

The  proper  steps  were  taken  to  accept  the  legacy  under  the  terms 
of  the  will. 

A  special  subscription  of  £10  to  the  Library  Fund  of  the  Society 

from  Sir  Benjamin  Baker,  Hon.  M.  Am.  Soc.  C.  £.,  was  received,  and 

acknowledged  with  thanks. 

*  See  page  966,  September,  IQOS,  Proceedings. 
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The  following  resignation  was  received  and  accepted:  Harry  Alex- 
ander Gillis,  Assoc.  M.  Am.  Soc.  C.  E. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

One  candidate  for  Associate  and  nineteen  for  Junior  were  elected.* 

Adjourned. 

*  See  page  289. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M 
every  day,  except  Sundays,  Fourth  of  July,  Thanicsgivlns  Day  and 
Christmas  Day. 

UST  OF  NOMINEES  FOR  THE  OFFICES  TO  BE  FILLED  AT  THE 
ANNUAL  MEBTINO,  JANUARY  Jist,   1903. 

The  following  list  of  nominees  for  the  offices  to  be  filled  at  the 

Annual  Meeting,  January  21st,  1903,  receiyed  from  the  Nominating 

Committee,  was  presented  to  the  Board  of  Direction  at  its  meeting  on 

June  3d,  1902,  and  announced  at   the  meeting  of   the  Society  on 

October  Ist,  1902.     The  list  has  already  been  mailed  to'  all  Corporate 

Members : 

For  President,  to  serve  one  year. 

AiiFBED  Noble,  New  York  City. 

For  Vice-Presidents,  to  serve  two  years. 

James  D.  ScHuriiEB,  Los  Angeles,  Cal. 
L.  F.  G.  B0U8CAREN,  Cincinnati,  Ohio. 

For  Treasurer,  to  serve  one  year. 
Joseph  M.  Knap,  New  York  City. 

For  Directors,  to  serve  three  years. 

Joseph  O.  Osgood,  Plainfield,  N.  J.,  representing  District  No.  1. 
AiiFBED  Cbayen,  Yonkers,  N.  Y.,  representing  District  No.  1. 
Geoboe  S.  Davison,  Pittsburg,  Pa.,  representing  District  No.  4. 
Hunteb  McDonald,  Nashville,  Tenn.,  representing  District  No.  6. 
E.  C.  Lewis,  Nashville,  Tenn.,  representing  District  No.  6, 
Elwood  Mead,  Cheyenne,  Wyo.,  representing  District  No.  7. 

PROPOSED  AMENDMENT  TO  THE  CONSTITUTION. 

The  following  proposed  amendment  to  the  Constitution  has  been 
received  by  the  Secretary,  and  has  been  sent  to  all  Corporate  Members 
of  the  Society.  In  accordance  with  the  provisions  of  Section  2  of 
Article  IX  of  said  Constitution,  it  will  be  considered  at  the  Annual 
Meeting,  January  21st,  1903: 

Amend  Article  III  of  the  Constitution  as  follows: 

Section  2,  first  line,  after  the  words  "  Society  as ''  strike  out  the 
words  *  *  Member  or  as  Associate  "and  insert  the  words  <<  a  Corporate  "; 
second  line,  after  the  word  **  to  "  strike  out  the  words  '*  either  grade 
of." 
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Section  2,  Art.  Ill,  will  then  read,  <*  An  application  for  admission 
to  the  Society  as  a  Corporate  Member,  or  for  transfer  from  any  other 
grade  to  Corporate  Membership  shall  embody,'*  the  rest  of  the  section 
standing  as  now. 

Section  3,  third  line,  after  the  word  *'  membership  *'  strike  out  the 
words  **  in  any  grade,"  and  after  the  word  **  transfer  "  strike  ont  the 
words  *'from  one  grade  to  another";  twelfth  line,  for  the  word 
''may"  substitute  the  word  **  shall."  The  section  will  then  read  as 
follows: 

*^  At  stated  periods,  to  be  determined  by  the  Board  of  Direction, 
there  shall  be  issued  to  each  member  in  any  grade  whose  address  is 
known,  a  list  of  all  new  applications  received  for  membership  or  for 
transfer,  which  list  shall  be  dated  and  shall  contain  a  concise  state- 
ment of  the  record  of  each  applicant  and  the  names  of  the  references 
in  the  case  of  Corporate  Member,  and  endorsers  in  the  case  of  Asso- 
ciate, Junior  or  Fellow,  with  a  request  that  members  transmit  to  the 
Board  any  information  in  their  possession  which  may  affect  the  dispo- 
sition of  the  applications.  Not  less  than  twenty  days  after  the  issue 
of  such  list,  the  Board  of  Direction  shall  consider  these  applications, 
together  with  any  information  in  regard  to  the  applicants  that  may 
have  been  received;  may  make  further  inquiries,  if  deemed  expedient; 
shall  classify  the  applicant  with  his  consent,  and  on  applications  for 
Corporate  Membership  may  direct  a  ballot." 


Proposed  by 


H.  G.  Pboxjt, 

G.  S.  WiLlilABfS, 

Alp.  p.  BoLiiEB, 
Geo.  Y.  Wisneb, 
Geo.  F.  Swain. 


MEBTINQS. 


Wednesday,  November  5th,  190a. — 8. 30  p.m. — A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper  by  Isaac  Harby,  Jun.  Am.  Soc.  C.  E.,  entitled  "The  Foot- 
bridge for  Building  the  Cables  of  The  New  East  Biver  Bridge,"  will  be 
presented  for  discussion. 

This  paper  was  printed  in  the  Proceedings  for  September,  1902. 

Wednesday,  November  19th,  190a. — 8.30  p.  h. — At  this  meeting 
a  paper  by  J.  Francis  Le  Baron,  M.  Am.  Soc.  C.  E.,  entitled  '*An 
Alternative  Line  for  the  Nicaragua  Canal,  and  a  Proposed  New 
Method  of  Dam  Construction,"  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings, 
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ACCESSIONS  TO  THE  LIBRARY. 

From  September  10th  to  October  7th,  1902. 

DONATIONS.* 

LE  CANAL  DB  SUEZ. 

Par  Voisin  Bey.  Paper,  9x6  ins.,  3  vol.  and  Atlas.  Paris,  Ch. 
Dtinod,  1902. 

The  Contents  are:  Historique  Administratif  et  Actes  Constitutlfs  de  la  Compa^^le— 
Pdriodrt  dea  Etudes  et  de  la  Construction,  1854  &  1869;  F^riode  de  I'Ezploitatioa,  1*  de 
1870  a  1882:  P^riode  de  P Exploitation,  2»  de  1883  d  190S. 

CAMBRIA  STEEL. 

A  Handbook  of  Information  Relating  to  Structural  Steel  Manufac- 
tured by  the  Cambria  Steel  Co.,  Containing  Useful  Tables,  Rules, 
Data  and  Formulae  for  the  Use  of  Engineers,  Architects,  Builders  and 
Mechanics.  Leather,  7  x  4^  ins.,  10  +  428  pp.,  illus.  Philadelphia^ 
Cambria  Steel  Co.,  1901.     «1.00. 

The  preface  states  that  the  present  edition  contains  all  the  data  of  the  precedini; 
one,  which,  however,  has  been  corrected  where  necessary  and  revised  to  conform  to  the 
present  practice  of  the  Company.  A  large  amount  of  new  matter  has  been  added,  in- 
cluding drawings  of  new  sections  of  T-bars.  special  channels  and  special  angles,  with 
tables  of  weights,  dimensions  and  properties  tnerefor.  Other  new  matter  has  also  been 
introduced,  the  principal  items  of  which  are  as  follows:  Drawings  and  tabU*8  relating  to 
new  standard  connection-angles  for  beams  and  channels,  giving  location  and  other  data 
for  sections  of  different  depuis  frandng  opposite  each  other;  tables  of  safe  loads  for 
beam  columns,  latticed  channel  columns,  plate  and  channel  columns,  plate  girders  and 
beam  box-girders;  also  tables  of  dimensions  of  Z-bar  columns,  lattioeid  channel  columns 
and  plate  and  channel  oolmnns.    There  is  an  index  of  eleven  pages. 

LBS  OAZOQ^NES. 

Par  Jules  Deschamps.     Paper,  10  x  6^  ins.,  436  pp.,  illus.    Paris,. 

Ch.  Dunod,  1902.     15  fr. 

The  Contents  are:  La  ddflnition,  Putilit^  et  la  varldtd  des  gasogdnes;  La  combus- 
tion; Les  combustibles;  La  gaz6iflcation  des  combustibles;  Le  p  >UTolr  caloriflque;  Les 
appareils  de  distillation;  Les  gazogdnes  dits  de  gaz  H  Teau;  Les  gaaogdnes  Siemens;  Les 
gazogdnes  Dowson;  Les  gazogdnes  k  oombusuon  renvers6e:  Xes  gasogdnes  ft  deux 
cuTes;  Les  gazogdnes  sp4ciaux;  Les  appareils  auxiliaires;  Recuperateurs  et  r^g6n6ra- 
teurs;  Application  des  gazogdnes  k  la  production  de  la  force  motrice. 

Gifts  have  also  been  received  from  the  following: 

Alaska  Treadwell  Gold  Min.  Co.    2  pam.  Eckel,  Edwin  C.    1  pam. 

Am.  Inst,  of  Mln.  Engrs.    14  pam.  Fidelity  &  Casualty  Co.    1  pam. 

Atchison,  Topeka  &  Santa  F6  Ry.  Co.    1  Glasgow  &  South-western  tty.  Co.    1  pam. 

pam.  Gray.  William  G.    1  pam. 

Atlanta,  Knoxvflle  &  Northern  Ry.  Co.    1  Great   Britain— Patent  Office.    1    vol.,    4 

pam.  pam. 

Bensel,  J.  A.    1  bound  vol.  Herschel,  Clemens.    19  bound  vol. 

Boston  &  Maine  R.  R.  Co.    1  pam.  Hey  land.  A.    1  pam. 

Bradley,  C.  W.    18  pam.  Hite-Smith,  Van  D.    8  pam. 

Breuchaud,  Jules.    1  phot.  Hocking  Valley  Ry.  Co.    8  pam. 

Bryson,  Andrew.    1  phot.  Illinois  Central  R.  R.  Co.    1  pam. 

Calms,  Robert  A.    8  pam.  Iron  and  Steel  Inst.    1  bound  vol. 

Chicago  Great  Western  Ry.  Co.    I  pam.  Jacksonville.  Fla.— Board  of  Trustees  for 
Chicago,  Indianapolis  &  Louisville  Ry.  Co.  Water- Works  and  Improvement  Bonds. 

1  pam.  1  pam. 

City  Club  of  N.  Y.    1  bound  vol.  Linton,  Harvey.    1  bound  vol. 

Colorado  A  Southern  Ry.  Co.    8  pam.  Madras,  India— Pub.  Works  Dept.    1  bound 
Colorado  Midland  Ry.  Co.    1  pam.  vol. 

Consolidated  Lake  Superior  Cfo.    1  pam.  Maine  Central  R  R.  Co.    1  pam. 

Corthell,  E.  L.    8  specif.  Mich.  CoU.  of  Mines.    8  voL 

Dayton.  Ohio— Water-Works.    8  pam,  Minneapolis,  St.  Paul  &  Sault  Ste.  Marie 
Dyckerhoff  &  Sdhne.    8  pauL  Ry.  Co.    1  pam. 

*  Unless  otherwise  spedfled,  books  in  this  list  have  been  donated  to  the  Library  by  the 
Publisher. 
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MiBKurL,  Kansas  &  Texas  Ry.  Co.    1  pam. 
Naahville,  Chattanooga  &  St.  Louis  Ry.  Co. 

1  pam. 
N.  Y.  City  Univ.     1  bound  vol.,   0  vol.,  1 

nam. 
Nlcnolson,  O.  B.    1  pam. 
Ockerson,  J.  A.    1  pam. 
Faine,  Charles.    10  vol.,  1  pam. 
Fawtucket,  R.  I.— Dept.  of  Pub.  Works.    1 

pam. 
Phlmdelphia,  Fa.— Mayor.    8  bound  vol. 
Princeton  UiJv.    1  vol. 
8t.  Xavier,  Felix.    1  pam. 
Toledo,  Peoria  &  Western  Ry.  Co.    1  pam. 


U.  S.  Bureau  of  Navigation.    8  bound  vol. 

18pam. 
U.  S.  Coast  and  Geodetic  Surv.    1  boimd 

vol. 
U.  6.  Corps  of  Engrs.    SS5  specif. 
U.  8.  Geological  Surv.    1  pam. 
U.    8.    Office    of    Naval   Intelligence.      1 

vol. 
U.  8.  Ordnance  Office.    1  bound   vol.,  2 

pam. 
U.  8.  Patent  Office.    1  vol. 
U.  8.  War  Dept.    1  bound  vol.,  10  vol. 
Univ.  of  m.  Agriculttural   Exper.  Station. 

1  pam. 


BY   PURCHASE. 

Weser  und  Ems,  ihre  Stromgebiete  nnd  ihre  wichtigsten  Neben- 
fl'dsse.  Eine  hydrograpbische,  wasserwirtbscbaftliobe  und  wasser- 
reobtliche  Darstellnng.  Auf  Grand  des  Allerbochsten  Erlasses  vom  28. 
Febrnar,  1892,  im  Anftrage  des  preussiscben  Wasser-AusscbnsseB  ber- 
susgegeben  von  H.  Keller.  5  vols,  and  Atlas.  Berlin,  Dietricb 
Beimer,  1901. 


SUMMARY  OF  ACCESSIONS. 

From  September  lOtb  to  October  7tb,  1902. 

Donations  (including  12  duplicates) 203 

By  Purcbase 6 

Total 209 
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MEMBERSHIP. 


ADDITIONS. 

MEMBEB8. 

Date  of 
BowsBS,  GxoBOE  Membership. 

City  Eogr.,  359  Westford  St,  Lowell,  Mass Oct.      1,  1902 

CoHBN,  Fredebick  William 

£nf<r.  of  Erection,  Bridge  and  Constr.  Dept.,  |  Assoc.  M.    Feb.     3,  1897 

The  Pennsylvania  Steel  Co.,  Steelton,  Pa... .  1  M.  Sept.    3,  1902 

Cbanb,  Fbamcib  Elihu 

CityEngr.,  Amsterdam.  N.  Y Oct.      1,  1902 

Eldbidoe,  Gbiffith  Moboan   '  (  Assoc.  M.    Jane   1,  1892 

Mgr.,  Eldridge  Drag  Stores,  Americas,  Ga. . .  1  M.  Sept.    3,  1902 

Fabrinqton,  Habybt  /  Jan.  Jane  19,  1891 

Cons.     Engr.,     115    Broadway,    New    Tork  ^  Assoc.  M.    Feb.     6,1895 

City (M.  Oct.      1,  1902 

McDonald,  William  Natlob 

Sapt.  of  Streets  and  Parks,  Tftcon  St.  No.  8,   Hayana, 

Caba Sept.  3,  1902 

Toxmo,  Bosooe  Ctpbian 

Chf.  Engr.,  Des  Moines,  Iowa  Falls  A  Northern  By.,  Iowa 

Falls,  la Oct.     1,1902 

associate  mxmbbb8. 
Albbee,  Balph 

1115  Market  St.  (Bes.,  1112  Western  Atc.)   (  Jan.  Oct.     4,  1898 

Allegheny,  Pa ]  Assoc.  M.    Oct.     1,  1902 

ASHBBIDGB,    BiCHABD   I.   DOWNING 

lioom  710,  City  Hall,  Philadelphia  (Bes.,  East  Downington, 

ChesterCo.).  Pa Sept.    3,  1902 

Cabteb,  Bichabd  Williah 

Asst.  Engr.,  Mo.  Valley  Bridge  A  Iron  Works  (Bes.,  1000 

Sonth  4th  St.),  Leavenworth,  Kans Oct.      1,  1902 

OoNGEB,  Alqeb  Adams 

Asst.  Engr.,  Michigan  Lake  Superior  Power  Co.,  Saalt  Ste. 

Marie,  Mich Oct.      1,  1902 

CoBNiNO,  Dudley  Tibbits 

Asst.  Engr.,  Troy  Water- Works  Extension,  Tomhannock, 

N.  Y Oct.      1,  1902 

Cbaio,  Washxngton  Biobteb 

Bes.  Engr.,  P.,  S.  &  N.  B.  B.  Co.,  Bolivar,  (  Jan.  May     1,  1894 

N.  Y j  Assoc.  M.    Oct      1,1902 

Lane,  Fbedebiok  Eugene 

Bes.  Engr.,  Div.  4,  Atlantic  Ave.  Impvt.,  L.  I.  B.  B., 
5  Hanson  Pi.  (Bes.,  1037  Bergen  St.),  Brooklyn,  N.  Y. .     Oct.      1,  1902 
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Date  of 
3Cac  Grba,  Don  AiiSZANDSB  Membership. 

Div.   Ergr.,  G.»   O.    A   G.   B.   B.»   Gathrie,  i  Jan.  May    2,1899 

Okla.  T ]  Assoc.  M.  Oct.      1,  1902 

Pbttke,  Euosns  Eyebett 

269  Lowell  Ave.,  Newtonville,  Mass Sept.   3»  1902 

BiGSET,  Jamxs  Walteb 

508  South  First  St.,  Minneapolis,  Minn Sept.   3,  1902 

BOBKBTS,  GbOBOB  ThOMAS 

Asst.  Engr.,  Bureau  of  Eng.,  13  City  Hall  (Bes.,  941  Elk 

St.),  Buflfalo.  N.  Y '. Sept.    3,  1902 

Sakdbbs,  Fbakgis  Nicx>ll 

235  State  St.,  Albany,  N.  Y Sept.   3,1902 

SCHENX,  GABIi  Louis  EdTTABD 

Box  82,  Walkers  Mills,  Pa Oct.      1,  1902 

TUBNEAUBE,    FbBDEBXOE  Ex70EMB 

Prof,    of   Bridge  and  San.  Eng.,   Univ.   of  (  Assoc.           Aug.  31, 1897 

Wis.,  Madison,  Wis (  Assoc.  M.    June  4,  1902 

TTtbbeix,  Wabbem  Atbes 

Care,  Maule,   Hannah  A  Co.,  U16  Chemical  (  Jun.  Oct.  2,  1900 

Bldg.,  St.  Louis,  Mo j  Assoc.  M.  Oct.  1,  1902 

WiooiN,  Ebnbst  Woodbdbt 

Asst.  Bridge  Engr.,  K.  Y.,  N.  H.  A  H.  B.  B.,  i  Jun.  May  5,  1896 

New  Haven,  Conn j  Assoc.  M.  May  7,1902 

Weight,  Moses  HANNiBAii 

Boadmaster,    L.    &   N.    B.   B.,    Nashville,  i  Jun.  Jan.  2,  1900 

Tenn ]  Assoc.  M.  Sept.  3,  1902 

absooiatb. 
Stbabks,  Fbbd  Lincoln 

52  West  126th  St.,  New  York  City June    3,  1902 

Watson,  Mebbiix 

Mgr.  and  Treas.,  The  N.  Y.  Expanded  Metal  Co.,  256 

Broadway,  New  York  City Oct.      7,  1902 

JUNIOBS. 

GsTCHEUi,  William  Stbwabt 

Care,  W.  M.  Porter,  Asst.  Cbf.  Engr.,  Colo.  Fuel  A  Iron 

Co.,  Denver.  Colo Sept.    2,  1902 

Bat,  David  Hetdobn 

Archt.  and  Civ.  Engr.,  555  West  182d  St.,  New  York  City.     Oct.      7, 1902 
Ullmann,  John  Gbobob 

Asst.  Engr.,  Buffalo  Div.,  Erie  B.  B.,  Buffalo,  N.  Y April  1,  1902 

CHANQBS  OP  ADDRESS. 


Auchincloss,  William  S 45  West  20th  St.,  New  York  City. 

Ballabd,  Bobebt 35  Wood  Lane,  Shepherd's  Bush,  London, 

W.,  England. 
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Babbbb,  William  Dayis Asst.   Engr.   in  Chg.,   Div.  of  Pumping^ 

Station,  Gonstr.  and  Bepairs,  Dept.  of 
Public  Works  (Res.,  1639  Roscoe  St.). 
Chicago,  111. 

BisBEE,  Fbbd  Milton Geo.  Mgr.,  Los  Angeles  Land  k  Water 

Co.,  Los  Angeles,  Cal. 

Child,  Stephen Woodland  Park  Hotel,  Anbnmdale,  Mass. 

Dewitt,  Philip  Hoffecseb 8  Arlington  Road,  Cranford,  N.  J. 

Ellis,  Geoboe  Ezba Wtstem  Agt.,  Pneumatic  Signal  Co.,  1032 

Monadnock  Blk.,  Chicago,  111. 

Gbant,  Emebson  Wabben Eng.  Dept.,  A.,  T.  &  S.  F.  By.,  1014  West 

13th  St.,  Topeka,  Eans. 

Gbeemb,  Fbancib  Vinton 33  East  30th  St.,  New  York  City. 

Gbbsham,  Robebt  Hall San  Augelo,  Tex. 

Gbimm,  Cabl  Robebt 131  Carnegie  Hali,  New  York  City. 

Hablow,  Geobob  Richabdson 620  Wood  St.,  Wilkinsburg.  Pa. 

Hazlehxtbst,  Gbobgb  Blagden 376  East  Colorado  St.,  Pasadena,  Cal. 

Hyde,  Abbaham  Lincoln Instr.  in  Civ.  Eng.,   Lehigh  UniT.,  102 

South  New  St.,  Bethlehem,  Pa. 

Ibwin,  Jambs  Clabk Engr.  of  Signals,  N.  Y.  C.  &  H.  R.  R.  R.^ 

Grand  Central  Station,  New  York  City 
(Res.,  65  Glenwood  Ave.,  Yonkers^ 
N.  Y.). 

Jaques,  William  Hbnbt 186  Devonshire  St.,  Boston,  Mass. 

Jenkins,  William  Dxtnbab Div.   Engr.,   Western  Allegheny  R.   R.,. 

Chicora,  Butler  Co.,  Pa. 

Kaxttman,  Gustayb  Engr.   and    Contr.,   561    Franklin    Ave.^ 

Brooklyn,  N.  Y. 

Labelle,  Henbt  Fbancib Civ.  and  Hydr.  Engr.,  1110  Betz  Bldg., 

Philadelphia,  Pa. 

Le  Babon,  John  Fbanois Cbf.  Engr.,  American  Honduras  Co.  and 

Patnca  Plantation  Co.,  1329  Williamson 
Bldg.,  Cleveland,  Ohio. 

MossoBOP,  Alfbed  Mitton Vice  Pres.  and  Mgr.,   Baltimore    Bridge 

Co.,  Bush  St.  and  B.  &  O.  R.  R.,  Balti- 
more, Md. 

Nobthbup,  Hebbebt  Fbanklin Guilford,  Ind. 

Pabkbb,  Maubiob  Stiles Engr.  and  Contr.,  Arlington,  Tex. 

Ratmond.  Chables  Walkbb Lt.  Col.,  Corps  of  Eogrs.,  U.  S.  A.,  815 

Witherspoon  Bldg.,  Philadelphia,  Pa. 

Rutle,  Albebt  Stanley Care,   San  Domingo  Gold  Mining   Co., 

Angels  Camp,  Calaveras  Co.,  Cal. 

RiPLET,  Henbt  Clay Cons.  Engr.  for  River  and  Harbor  Impvts. 

and  Marine  Constr.,  832  Eagt  Univer- 
sity Ave.,  Ann  Arbor,  Mich. 

RT70OLE8,  William  Bubbottohb Chf.  Engr.,  Sandy  Valley  k  Elkhorn  Ry. 

Co.,  Pikeville,  Ky. 

Sims,  Alfbed  Yabley Iowa  City,  Iowa. 
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TH0MP80H,  Ellib  Dunn U.  8.  Asst.  Engr.,  816  Witherspoon  Bldg., 

Philadelphia,  Pa. 

ToMUNsoN,  Alfbkd  Thomab Lock  Drawer  *»H,"  Albion,  N.  Y. 

Wauacb,  John  Findlby Gen.  Mgr.,  I.  C.  R.  E..  1  Park  Row  (Res., 

4427  Greenwood  Aye.),  Ohicago,  111. 

Webb,  Gbobos  Hsbbkbt Room  7,  Arcade,  Springfield,  Ohio. 

Webxb,  Alszandeb  flAMiiiTON U.  8.  Asst.  Engr.,  Ouatom  Honse,  New 

Orleans,  La. 
Whttb,  Hbnbt  Pishbb Engr.,  M.  of  W.,  0.,  R.  I.  &  P.  By.,  Room 

605,   Grand  Central  Station,   Chicago, 

111. 
Woebhann,  John  William Res.  Engr.,  Illinois  and  Mississippi  Caoal, 

MilaD,  ni. 

ASSOCIATE  MEMBEB8. 

AIJ.AN,  Alexandxb  Geoboe Res.   Engr.,  A.,  T.  &  8.  F.  R.  R.,  Lock 

Box  158,  Newkirk,  Okla.  T. 

Abchbb,  Stetbnson,  Jr Res.  Engr.,  Mo.  Pac.  Ry.,  Tallalah,  La. 

Abmhage,  Geoboe  Washington Office  of  Constr.  Quartermaster,  U.  8.  A., 

U.  8.  Custom  House  and  Post  Office 
Bldg.,  Chattanooga,  Tenn. 

JBabnstt,  Robebt  Cbart 8023  East  20th  St.,  Kansas  City,  Mo. 

Bellows,  Osoab  Fbangib Supt.  of  Constr.,  Q.  M.  Dept^,  U.  8.  A., 

Fort  Ontario,  Oswego,  N.  Y. 

Bishop,  William  Isbael Care,  Pittsburg  Reduction  Co.,  Massena, 

N.  Y. 

-Cabtbb,  Alfbed  Ellswobth Columbia  Uniy.,  New  York  City. 

Cabteb,  Shiblet Norfolk,  Va. 

Deans,  Chables  Hebbebt 130  Water  St.,  New  York  City. 

Elliott,  Jambs  Ruthebvobd .Care,    Elliott   &   Baton,    1305    Keystone 

Bldg.,  Pittsburg,  Pa. 

Fosteb,  Thomas  J Vice-Pres.    and    Mgr.,   National    Bridge 

Supply  Co.,   116  Nassau  St.  (Res.,  605 
West  142d  St.),  New  York  City. 

Fbink.  Feed  Goodbich 1218  WsRhtenaw  Ave.,  Ann  Arbor,  Mich. 

Gbeene,  Robebt  Maxson 382  Greene  Ave.,  Brooklyn,  N.  Y. 

GuEBiNOBB,  Louis  Amzdbe Asst.  Engr.,  I.  &  G.  N.  B.  R.,  Navasota, 

Tex. 

Hallihan,  John  Philip Bes.  Engr.  and  Supt.,  Canauea  Consoli- 
dated Copper  Co.'s  Ry. ,  La  Canane€^ 
SoDora,  Mexico. 

HAflSKABTi,  Joseph  Fbbdebice 2504  North  5th  St.,  Philadelphia,  Pa. 

Haucx,  William 742  St.  Nicholas  Ave.,  New  York  City. 

Johnson,  Rankin Box  21,  Oiudad  Porfirio  Diaz,  Coahuila, 

Mexico. 

Lewebenz,  Alfbed  Ooubtnet Naval  Station,  New  London,  Conn. 

Millbb, SHBEwaBt;BTBEAUBEOABD..261  Uniou  St.,  Haokensack,  N.  J. 

MobbisOn,  Euoenb  Tatlob Supt.,  Levering  A,  Garrigues  Co.,  Dun- 

ellen,  N.  J. 
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NoBUB,  Fbxdsbios  Ghablbs 1500  Grand  Ave.,  Kansas  City,  Mo. 

OsBouBN.  Hbnbt  Van  Bubbn 1433  Euclid  Ave.,  Philadelphia,  Pa. 

Rights,  Lewis  Danibl Care,  American  Bridge  Co.,  Penooyd,  Pa. 

Rockembaoh,  Samuel  DiGKEBSON....Capt.,    12th   U.    S.    Cavalry,    Office   of 

Constr.  Quartermaster,  U.  S.  A.,  U.  S. 

Custom  House,  Chattanooga,  Tenn. 
Shepabd,  Hbnbt  Hudson Care,  D.,  L.  &  W.  R.  R.  Co.,  Syracuse, 

N.  Y. 
Spbncbb,  John  Clabs Care,    Brown    Hoisting  Machinery  Co., 

Cleveland,  Ohio. 
Tubneb,  Dandel  Lawbencb 103  West  48th  St.,  New  York  City. 

associates. 

Saph,  AnansTUS  Yalbntinb Instr.  in  Civ.  Eog.,  Univ.  of  Cal.  (Res., 

2084  Durant  Ave.),  Berkeley,  Cal. 

TuBBHiL,  Shebman  Mabsh Asst.  Engr.,  Allen  &  Farrington,  Munici- 
pal Engrs.,  613  Dillaye  Memorial  Bldg., 
Syracuse,  N.  Y. 

JUNIOBB. 

BEiiZNXB,  Thbodobe lusp.  of  steel  Constr.,  Manhattan  Valley 

Viaduct  (Section  12),  Rapid  Transit 
R.  R.,  231  West  125th  St.  (Res.,  142 
West  67th  St.),  New  York  City. 

BuBWEix,  RoBEBT  Lbmmon ShortBville,  N.  Y. 

CuEAVEB,  PnsoN  Jat 113  Henry  St.,  Brooklyn,  N.  Y. 

FoBBEs,  Henbt  DE  Bbbtton ^^ff^-t  H.  E.   Talbott  &>  Co.,  Sault  Ste. 

Marie,  Mich. 

FoBD,  WnxTAU  Hatden 506  Hale  Bldg.,  Philadelphia,  Pa. 

Habshbaboeb,  EiiMEB  DwiGHT Rolls,  Mo. 

HiGOiNsoN,  Jonathan  Yates 216  East  15th  St.,  New  York  City. 

Kast,  CiiABKE  Nightingale 270  Central  Ave.,  Rochester,  N.  Y. 

KuNE,  Viotob  Witmeb 112  Hallett  PI.,  Bellevue,  Pa. 

Lant,  Fbamk  Pabsons 66  West  84th  St.,  New  York  City. 

MiNOB,  Edwabd  Eastman 493  Edgew^ood  Ave.,  New  Haven,  Conn. 

Rhea,  WUiLiAM  Douglas Man  ago  National  Fertilizing  Co.,  Nash- 
ville, Tenn. 

Rockwbli*,  Jambs  Vincent Eagle  Grove,  Iowa. 

Rtdbb,  Ely  Moboan  Talcott 40  W  ha  Hey  Ave.,  New  Haven,  Conn. 

Wauoh,  William  Hammond Greenville,  Pa. 

WooLLABD,  Geobob  Clieton Homellsvllle,  N.  Y. 

Young,  Hbnbt  Amebman U.  S.  Engr.  Office,  Tuscaloosa,  Ala. 

DEATHS. 

Clevsbdon,  Henbt  Lawbenob Elected    As-^ociate    Member   March    Ist^ 

1899;  died  August  27th,  1902. 

Gklettb,  William  DuBFEE Elected   Member   April    1st,    1885;  died 

April  27th,  1902. 

RBSIQNATION. 

Date  of 
Resignation. 

Gnxn,  Habby  Albxandeb October  10th,  1902 
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MONTHLY  LIST  OF  RECENT  ENQINEERINQ  ARTICLES  OF 

INTEREST. 

f  September  10th  to  October  7th,  1902.) 


Note. — This  list  is  published  for  the  purpose  of  placing  before  the  members 

{^  the  Society  the  titles  of  current  engineering  articles^  which  can  be  referred 

to  in  any  available  engineering  library y  or  can  he  procured  by  addressing 

the  publication    directly,    the    address    and  price  being   given  wherever 

possible, 

UST  OP  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre* 
fixed  to  each  journal  in  this  list. 


(I)  Journal,  Aaaoc.  Enj?.  Soc,  267  South 
Fourth  St.,  Philadelphia.  Pa.,  80c. 

(a)  Proceedings^  Enar.  Club  of  Phila.,  1182 
Girard  St.,  Philadelphia,  Pa. 

(3)  Journal,   Franklin    InBt.,    Philadel- 

phia, Pa..  50c. 

(4)  Journal^  Western  Boc.  of  Eng.,  Mo- 

nadnock  Block,  Chicago.  III. 

(5)  Transactions^  Can.  Soc.  C.  £.,  Mon- 

treal, Que.,  Can. 

(6)  School  of  Mines  Quarterly,  Columbia 

Univ.,  New  York  City,  50c. 

(7)  Technology  Quarterly^  Mass.    Inst. 

Tech.,  Boston,  Mass.,  75c. 

(8)  Stevens  Institute  Indicator^  Stevens 

Inst.,  Hoboken,  N.  J.,  50c. 

(9)  Engineering  Magazine,   New   York 

City.  26c. 

(10)  Cassier^s  Magazine,  New  York  City. 

85c. 

(11)  Engineering  (London),  W.  H.  Wiley, 

New  York  City,  85c. 
da)  The  Engineer  (London),  International 

News  Co.,  New  York  Citv,  86c. 
(■a)  En4fineering  News,  New  York  City, 

16c. 

(14)  The  Engineering  Record,  New  York 

City.  18c. 

(15)  Hailroad  Gazette,  New  York  City, 

10c. 

(16)  Engineering  and    Mining  Journal, 

New  York  City,  15c. 

(17)  Street  Railway  Journal,  New  York 

City.  85c. 

(j8)  Railway  and  Engineering  Review, 
Chicago,  111.,  10c. 

(19)  Scientific  American  Supplement,  New 
York  City,  10c. 

(ao)  Iron  Age,  New  York  City,  10c. 

(ai)  Railway  Engineer,  London,  Eng- 
land, 85c. 

(aa)  Iron  and  Coal  Trades  Review,  Lon- 
don, England.  26c. 

(aa)  Bulletin,  American  Iron  and  Steel 
Assoc.,  Philadelphia,  Pa. 

(a4)  American  Oas  lAght  Journal,  New 
York  City,  10c. 

(as)  American  Engineer,  New  York  City, 
80e. 

(96)  Electrical  Review,  London,  England. 

(a7)  Electrical  World  and  Engineer,  New 
York  City.  10c. 

(a8)  JoumcU,  New  England  Water- Works 
Assoc.,  Boston,  $1. 


(a9)  Journal,  Society  of  Arts,  London, 
Enirland,  15c. 

(ao)  Annates  des  Travaujc  Publics  de 
Belgique,  Brussels,  Belgium. 

(ai)  Annates  de  V  Assoc,  des  Ing.  Sortis 
des  Ec6le  Sviciales  de  Oand,  Brus- 
sels, Belgium. 

(aa)  Mimoires  et  Compte  Rendu  des  7Vt»- 
vaux,  Soc.  Ing.  Civ.  de  France, 
Paris,  France. 

(33)  ^  (Mnie  Civti^Parls,  France. 

(34)  Portefeuille    Economique    des    Ma- 

chines. Paris,  France. 

(35)  Nouvelles  AnnaJes  de  la  Construe- 

tion.  Paris,  France. 

(36)  La  Revue  Technique,  Paris,  France. 

(37)  Revue  de  M^canique,  Paris,  France. 

(38)  Revue  Oin6rale  des  Chemins  de  Fer 

et  des  TramuHiys,  Paris.  France. 

(39)  Railway  Master  Mechanic,  Chicago, 

III.,  lOc. 

i40)  Raihcay  Age,  Chicago,  111.,  10c. 
41)    Modern  Mack  inery  ,Chlcacro.  111. ,  10c. 
4a)   Transactions,  Am. Inst.  Elec.  Kners., 
New  York  City,  50c. 

(43)  Annates    des    Fonts   et    Chaussies, 

Paris.  France. 

(44)  Journal,    Military  Service    Institu- 

tion, Governor's  Island,  New  York 
Harbor,  50c. 

(45)  Mines  and  Minerals,  Scranton,  Pa., 

20c. 

(46)  Scientific  American,  New  York  City, 

8c 

(47)  Mechanical  Engineer,    Manchester, 

England. 

(58)  Proceedings,  Eng.  Soc.  W.  Pa.,  410 
Penn  Ave.,  Pittsburg,  Pa.,  50c. 

(89)  Transactions,  Mining  Inst,  of  Scot- 
land, London  and  Newcastle-upon- 
Tsrne. 

(60)  Municipal    Engineering,     Indianap- 

olis, Ind.,  85c. 

(61)  Proceedings,  Western  Railway  Club, 

225  Dearborn  St.,  Chicago,  111.,  86c. 
(6a)  American  Manufa>cturer  and  Iron 
World,  59  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 

London,  England. 

(64)  Power,  New  York  City,  80c. 

(6s)  Official  Proceedings,  New  York  Rail- 
road Club,  Brooklyn,  N.  Y.,  16e. 

(66)  Journal  of  Oas  Lighting,  London, 

England,  15c. 

(67)  Cement  and  Engineering  Netvs,  Chi- 

cago, HI.,  86c. 
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LIST  OP  ARTICLES. 
Bridge. 

The  Proper  Curvature  for  a  Filled  Arch.*    Daniel  B.  Luten.    (15)  Sept.  18. 

The  Eighteen  Mile  Creek  Viaduct.*    (14)  Sept.  SO. 

Unit  Stresses  and  Impact  In  Old  Railway  Bridges.    A.  F.  Robinson,  M.  Am.  Soc.  C.  E. 


(13)  Sept.  26. 


New  Kew  Bridge.*    (la)  Serial  beginning  Sept.  86. 
Warped  Ends  for  Concrete  Arch  Culverts.*    Daniel  B.  Luten.    (15)  Oct.  8. 
Pont- Bascule  de  MUwaukee  (fitats-Unis).*    (33)  Aug.  ao. 

M6thode  de  Calcul  Rapide  des  VoflteB  et  de  leurs  Cmees.    C.  Tourtay.    (3s)  Serial  be- 
ginning Sept. 

BIcctrlcal. 

The  Arcophone  or  Speaking  Arc  Lamp.    G.  R.  Smith  and  R.  A.  L.  Snyder.    (58)  Aug. 

The  Use  of  Electricity  in  Iron  and  Steel  Works.*    F.  Kylberg.    (Paper  read  bef(x«  the 
Iron  and  Steel  Inst.)    (aa)  Sept.  6. 

The  Application  of  Electric  Power  to  the  Iron  and  Steel  Industries.    D.  Selby-Bigge. 
(Paper  read  before  the  Iron  and  Steel  Inst.)    (aa)  Sept.  6. 

The  New  Electricity  Works  of  the  Corporation  of  Sunderland.*    (a6)  Sept.  6. 

Rational  Electromagnetic  Units,    (a?)  Sept.  6. 

Water  Power  Transmission  for  the  Springfield,  Mass.,  Lighting  S3rstem.*    (ajr)  Sept.  0. 

The  Electrical  Driving  of  Machinery;  Its  Economy  and  Advantages.    Frank  Broaooent, 
M.  L  E.  E.    (a6)  Sept.  12. 

The  Up- Keep  of  the  Direct  Current  Motor.    Alfk^  H.  Mayes.    (a6)  Sept.  18. 

Electric  Power  Distribution  in  the  Black  Country.*    (a6)  Sept.  12. 

'  The  Power  Equipment  of  the  Westinghouse  Works  at  TraflTord  Park.*    (a6)  Sept.  12. 

Electric  Power  in  a  Paper  Mill.*    (a6)  Sept.  12. 

Water  and  Electric  Power  Plant  in  North  wales.*    (a6)  Sept  12. 

Three-Phase  Power  Plant  In  a  Welsh  Lead  Mine.*    (a6)  Sept.  12. 

The  Ealgoorlle  Electric  Power  and  Lighting  System.*    (ao)  Sept.  12. 

Electric  Power,  Light  and  Electric  Welding  Installation  at  tne  New  Pimlloo  Wheel- 
Works.*    (a6)  Sept.  12. 

High-Pressure  Oil-Brake  Switches.*    (a6)  Sept.  12. 

The  New  Power  Plant  at  Sault  Ste.  Marie.*    (18)  Sept.  18. 

Wireless  Telegraphy  and  Maxwell's  Theory.    Frederick  K.  Vreeland.    (37)  Sept  18. 

Deterioration  of  Storage  Battery  Plates.    A.  L.  Marsh,    (ay)  Sept  18. 

Electric  Power  In  Steam  Railway  Shops.*    (ay)  Sept.  18. 

The  Electric  Supply  Power  Station  at  Neptune  Bank,  Newcastle-upon-Tyne.*    W.  B. 
Woodhouse.    (I^per  read  before  the  Inst,  of  Mech.  Engrs.)    (47)  Sept.  18. 

The  Largest  Electric  water  Power  Station  in  New  England.*    (ay)  Sept  80. 

Checking  Electrical  Instruments.*    Clayton  H.  Sharp.    (a7)  Sept.  20. 


Ck)nstruction  of  Transmission  Lines.    (a7)8ept.  20. 
The  Use  of  Electricity  in  Iron  and  Steel  Worki 


cs.*    F.  Kylberg.    (47)  Serial  beginning 

Sept.  20. 
Newcastle  and  District  Electric  Lighting  Companv's  Power  Stations.*   W.  D.  Hunter. 

(Paper  read  before  the  Inst,  of  Mech. Engrs.)    (47)  Sept  20. 
The  Polycyclic  Distribution  of  Electricity.*    (a6)  Sept.  28. 
Single-Pnaise  Pumping  Plant  at  Hammersmith.*    (a6)  Sept.  26. 
Wireless  Telegraphy  System  of  Prof.  Braun  and  Siemens-Halske.*   Smile  Guarlni.  (a6) 

Sept.  26. 
Electric  Power  Transmission   and    Supply  in  Switzerland.*     (la)   Serial  beginning 

Sept.  26. 
Piscicelli  Taeggi's  Electric  Post.    William  P.  Digby.    (11)  Sept  26. 
The  Sault  Ste.  Marie  Water  Power.*    Frank  C.  Perkins.    (a7l  Sept.  27. 
The  Belgian-Ougree  Blast  Furnaces  and  Steel  Works  and  Modem  Electrically-Operated 

Plant*    Fr<ink  C.  Perkins.    (19)  Sept.  27. 
The  Physical  Limits  of  Electric-Power  Transmission.    Alton  D.  Adams,    (o)  Oct. 
Costs  01  Electric  Power  Transmission:  A  Practical  Application  of  Principles.    Alton  D. 

Adams.    (10)  Oct 
An  Interesting  Fragment  of  Electrical  History.    (13)  Oct.  2. 

The  Prevention  of  Electrolysis  of  Gas  and  Water  Pipes  in  Great  Britain.    (13)  Oct  2. 
Apparatus  of  the  Braun-Siemens  &  Halske  System  of  Wireless  Tel^rapny.*     (a7) 

^>ct  4. 
Emploi  d'Electricit^  dans  les  Forges.*    A  Abraham.    (33)  Aug.  80. 
La  T6l6graphie  sans  Fii.*    G.  Espltallier.    (33)  Serial  bcH^lnning  Sept  6. 

Marine. 

Steam  Trials  of  H.  M.  S.  King  Alfred.    (11)  Sept.  5. 

Some  Early  Submarine  Torpedo  Boats.*    u.  w.  Balrd.    (Reprinted  from  the  Journal  of 

the  Amer.  Soc,  of  Navat  Engm.)    (13)  Sept.  11. 
The  French  Battleship  Republique*    (la)  Sept  12. 

On  the  Strength  of  High-Speed  vessels.    M.  J.  A.  Normand.    (11)  Sept.  12. 
The  Steam  Yacht  Arrow^lhe  Fastest  Boat  in  the  World.*    (46)  Sept  20. 
The  Kauer  Wilhelm  II,  the  Longest  Steamship  ever  Constructed.*    (13)  Sept  2S. 
The  British  Fleet  1889-1QQ2.*    Archibald  S.  Hurd.    (10)  Oct. 
Resistance  des  C^rdnes.    Chaigneau.    (36)  Serial  beginning  Aug.  26. 

Mechanical. 

Rotative  Pumping.*   John  Richards,    (i)  Aug. 
'The  Deutz  Gas-Motor  Works.*    (11)  Sept.  5. 


*  Illustrated. 
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Mechanical— Continued. 

The  Ck>mpre8ciion  of  Steel  by  Wire-Drawing  during  SoUdlflcatlon  in  the  Ingot  Mould.* 
A.  Harmet.    (Abstract  of  paper  read  before  the  Iron  and  Steel  Inst.)    (as)  Sept.  5. 

Tests  of  Steam  Turbine  Installed  at  Hartford,  Conn.  Wm.  Lispenard  Robb.  (27) 
Sept.  6  .  *-  # 

The  Erection  and  Working  of  Inclined  Retort  Settings.    E.  Merz.    (Reprinted  from 

Journal  fur  Ocubeletbchtung.)    (66)  Sept.  9. 
Gas  Engines  for  Central  Station  Work.    Charles  H.  WUlUms.    (6a)  Sept.  11. 
Specifications  for  Foundry  Supplies,    i  13)    Sept.  11. 
Shop  Tools  and  Rigs.*    James  A.  Murphy.    (47)  Sept.  18 
Proper  Charging  of  Ammonia  Compression  Plant.    (6a)  Sept.  18. 
Superheat  and  Superheaters.    H.  Cruse.    (Reprinted  from  JE^n^tne^rini/ 7Yine«.)    (6a) 

SBDt.  18. 
The  Works  of  Messrs.  Belliss  and  Morcom.  Limited.*    ( 11)  Sept.  19. 
Recent  Progress  in  Large  Obr  Engines.*    Herbert  A.  Humphrey,  M.  I.  Mrch.  E.    (Paper 

read  b^ore  the  British  Assoc. )    (11)  Serial  beginning  dept.  19. 
Indhied  Retorts  at  the  Valse  (Lyons)  Gas- Works.*    M.  Godlnet.    (Paper  read  before 

the  Soci6t4  Technique  du  Giaz  en  France.)    (66)  Sept.  ^. 
Cable-Ouided  Gasholder  at  the  Rodez  Gas-works.*    M.  (}odinet.    (Paper  read  before 

the  Soci6t6  Technique  du  Gaz  en  France. )    (6e )  Sept.  38. 
Steam  Generation  for  Large  Rolling  Mills.*    J.  R.  Bibbms.    (ao)  Sept.  95. 
The  Smokeless  Combustion  of  Bituminous  Fuels.    W  H.  Booth,  M.  Am.  Soc.  C.  E.    (Ab- 
stract of  paper  before  the  British  Assoc,  for  the  Advancement  of  Science.)    (a6) 

Sept.  a6. 
New  T^pes  of  Cranes.*    Waldon  Fawcett.    (6a)  Sept.  26. 
The  Daw  Air-Ck>mpreflsor.    (11)  Sept.  06. 
Hydraulic  Compression  of  Air.*    (47 )  Sept.  87. 
The  Power  Plant  of  the  Stecher  Lithographic  Company,  Rochester,  N.  Y.*    (14)  Sept. 

87. 
Power  Plant  of  the  Park  Row  Building.*    (64 )  Oct. 
Triple-Pressure  RiTeter.  with  OutsideTacking.*    (ax)  Oct. 
The  Steam  Engine  at  the  Dusseldorf  Exposition.*    (64 )  Oct. 
Cast  v&.  Wrought  Iron  Steam  Mains.*    C.  G.  Robbins.    (64)  Oct. 
Westinghouse  Steam  Turbines  for  the  Rapid  Transit  Subway.*    (64)  Oct. 
The  ^^ Series- Vapor '' and  "Heat-Waste"'  Engines,  as  Supplementary  to  Single- Vapor 


Engines.    R^  H.  Thurston^  (3)  Serial  beginning  Oct. 
"  "  "     D.  H. 


m.  Soc.  M.  E.    (Reprinted  from  the 

Co.)    (13)  Oct.  8. 

the  Aid  of  the  Planimeter.    C.  M. 


Safe  Speeds  for  Flywheels.    Wro.  H.  Boehm,  M.  Am. 

Monthly  Bulletin  of  the  Fidelity  and  Casualty 
The  Calculation  of  the  Weigbt  of  Castings  with 

Schwerin.    (Paper  read  before  the  Amer.  Inst,  of  Min.  Engrs. )    (13)  Oct.  8. 
The  SuDpression  of  Smoke  in  Steam  Plants  Using  Bituminous  Coal.    Albert  A.  Gary. 

(ao)  Serial  beginning  Oct.  8. 
Improvements  at  the  Schenectady  Works  of  the  American  Locomotive  Co.*    (15)  Oct .  3 . 


The  New  Power  Plant  for  the  Assabet  Mills,  Maynard.  Mass.*    (14)  Oct.  4. 

2nie  Designing  of  Steam  Power  Plants.    Walter  C.  Kerr.    (17)  Oct.  4. 

Evaluation  de  la  Consommation  dans  les  Moteurs  jk  Gaz.    Jules  Deschamps.    (3a)  Aug 


Les  Progrds  des  Moteurs  h  Gaz:  Le  Nouveau  Moteur  Niel.    Auguste  noreau.    (3a) 

Aug. 
Conoours  International  de  Moteurs  et  Appareils  Utilisant  TAlcool  D6natur6.   I,  Appa- 

reUs  d*Eclairage  et  de  Chauffage  par  G.  Arachequesne;  n,  Moteurs  par  G.  Coupan. 


(3a)  Aug. 
ia< 


£tude  sur  les  Machines-Outils  Utills^es  dans  le  Travail  de  Bois.*    Paul  Rasous.    (37) 

Aug. 
Les  Machines  &  Jet  de  Sable.*    A.  de  Riva-Bemi.    (33)  Sept.  6. 
Les  Machines  &  Vapeur  k  TExpoRition  de  Dusseldorf.*    P.  Dujardin.    (33)  Sept.  80. 

Metallurgical. 

The  Progress  and  Manufacture  of  Pig  Iron  In  Ctormany  since  1880.    W.  Brugmann 

(Paper  read  before  the  Iron  and  Steel  Inst.)    (11)  Serial  beginning  Sept.  6;    (aa) 

Sept.  6. 
Progress  in  Steel  Works  Practice  in  Ctormany  niuce  1880.    R.  M.  Daelen.    (Paper  read 

before  the  Iron  and  Steel  Inst. )    (id  Sept.  6;  -aa)  Sept.  6:  ( 13)  Sept.  86. 
The  Works  of  the  Skinnlngrove  Iron  Company.*    (aa )  Sept.  18. 
The  Designing  and  Equipment  of  Blast  Furnaces.*   Jonn  L.  Stevenson,    (la)  Serial 

beginning  Sept.  18. 
The  Overheating  of  Mild  Steel.    E.  Heyn.    (Paper  read  before  the  Iron  and  Steel  Inst. ) 

(id  Serial  beginning  Sept  IS. 
Elect-rogalvanizing.    O.  F.  Burgess  and  Carl  Hambuechen.    (a7)  Sept.  18. 
The  Recent  Development  of  Tool  Steel.    Edmund  L.  French.    ( 13)  Sept.  85. 
Aluminum  as  a  Reducing  and  Heat  Producing  Agent.    H.  Hofman.    (6a)  Sept.  86. 
The  Elbers  Treatment  for  Fine  Iron  Ores.    (6a)  Sept.  86. 
Electro-Metallurgical  Problems.     Alec.  A.  Beadle,  A.  I.  E.  E.    (a6)  Serial  beginning 

Sept.  80. 
The  HetaUurgy  of  Titanium.    Auguste  J.  Rossi.    (3)  Oct. 
Progress  in  the  Metallurgy  of  Iron  and  Steel,  especially  in  the  Open-Hearth  Process 

aBncel889.*    Henry  M.  Howe,    (lo)  Oct. 
The  Steel  Plant  at  Monterey,  Mexico.    William  White,  Jr.    (6a)  Oct.  8. 
Compressing  Steel  Ingots  by  Wire  Drawing  in  the  Ingot  Mold.    (13)  Oct.  8. 

*  Illustrated. 
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Metallnrglcal  -Continued. 

Besults  in  a  (Continuous  Infl^ot  Heating  Furnace.*    (ao)  Oot.  2. 

Metallic  Conduction  and  the  Ck>nstitution  of  Alloys.    John  Alexander  Mathews.    (J7) 

Oct.  4. 
La  M^tallurgle  du  Fer  et  de  T Aoier  k  TEzpoeltion  de  DUaseldorf  1908.    Alexander  Oouvy . 

(3a)  July. 
L'Alumlnothermie  et  see  Applications.    H.  Bertin.    (3a)  Aug. 
Forges  et  Acl6ries  d'Anrers.*    (36)  Sept.  10. 

Military. 

Ordnance  Engineering  as  a  Mechanical  Industry.*    J.  F.  Meigs.    (9)  Oct. 

Mining. 

The  Working  of  Contiguous  or  Nearly  Contiguous  Seams  of  Coal.*    1,39)  ^'ol.  XXIII, 

Pt.6. 
Mining  in  Japan:  A  Description  of  the  Mines  and  Plants  of  the  Hokkaido  Tanko  Tetsudo 

Kaialia.*    Fritz  J.  Frank.    (45)  Sept. 
Pick  and  Chain  Machines:  A  Comparison  of  the  Two  Types  from  the  Standpoint  of  an 

Advocate  of  Pick  Machines,    t.  J.  Daft.    (43)  Sept. 
Gold  Mining  in  the  Transvaal,  South  Africa.*    John  Hays  Hammond.    (43)Sept. 
Mining  Explosives:  The  Effect  of  Perfect  and  Imperfect  Detonation.*  A.  w.  Warwick. 

(A3)  Sept. 
Winding  Plants  for  Great  I$ep«h8.    Hans  C.  Behr.    (43)  Sept. 
The  Auchlncloss  Breaker:  A  Description  and  Some  of  the  Novel  Methods  Employed  in 

Construction,  and  in  Arrangement  and  Driving  of  the  Machinery.*    Oeo.  L.  Carlisle. 

Jr.    (43)  Sept. 
The  Hydraulic  Minhig  Cartridge.    (a9)  Sept.  5. 

Steel  twining  Mme  at ''  B  **  Shaft,  Pioneer  )&ie,  Minnesota.*    (16)  Sept.  18. 
The  Eastern  Coal  and  Coke  Company's  Washer  at  Cokedale,  Kans.*    W.  R.  Crane.    ( 16 ) 

Sept.  80. 
The  Economic  Theory  of  Shafts  and  Slopes  for  Fiat  Coal  Beds.    E.  Brackett.    (16) 

Serial  beginning  Sept.  80. 
Damping  the  Air  of  Coal  Mines  as  a  Safeguard  against  Explosions.    James  Ashworth. 

(aa)  Sept.  86. 
Recent  Changes  in  Mining  and  Milling  in  the  Galena-Joplin  Lead  and  Zinc  District.* 

W.  K.  Crane.    (16)  Sept.  87. 
Mining  at  High  Altitudes.^  T.  A.  Rickard.    (10)  Oct. 
Mining  Industry  and  Mineral  Resources  of  British  Columbia.    Wm.  M.  Brewer.    (9) 

Oct. 
The  Beaumont  OU  Field.    Robert  T.  HiU.    (13)  Oct.  8. 

Mlsceilaneoos. 

An  Instructive  Study  of  Specifications.    (13)  Sept.  18. 
The  Foundations  of  the  American  Iron  Industry.    Archer  Brown.    (9)  Oct. 
SflJlent  Features  of  the  DUsseldorf  Exposition.*    Harrington  Emerson,    (p)  Oct. 
The  Relation  of  the  Draughtsman  to  the  Workshop.    W.  H.  Booth.    (9)  Oct. 

Mooldpai. 

Pavements  in  General.    Charles  E.  P.  Babcock.    (1)  Aug. 

Street  Railways  and  State  Highways.*    Harold  Parker.    (1)  Aug. 

The  Rehition  of  Street  Railway  Tracks  to  the  Paving  of  City  Streets.    Henry  Manley. 


(I)  Aug. 
atlo 


Relation  Between  Macadam  Roads  and  Electric  Street  Railways.    Edward  P.  North,  M. 

Am.  Soc.  C.  £.    (Paper  read  at  Third  Annual  Good  Roads  Convention.)    (14)  Sept. 

18. 
Removal  of  Snow  and  Ice  In  the  Borough  of  Manhattan.    W.  Boardman  Reed.    (Paper 

read  before  the  New  Yoric  State  Street  Ry.  Assoc.)    (17)  Sept.  18. 
Paving  a  Country  Road  with  Brick.    Sam.  Huston.    (Paper  read  before  the  Ohio  Soc.  of 

Civ.  Engrs.  and  Surv.)    (13)    Sept.  85. 
Methods  Employed  in  the  Construction  and  Maintenance  of  the  Massachusetts  Pipe 

Line  Gas  Co.'s  Mains  in  Boston  and  Vicinity.*    W.  W.  Cummings,  M.  Am.  Soc.  C.  E. 

(13)  Oct.  8. 

Rsilroad. 

Passenger  Locomotive  for  the  National  of  Mexico.*    (40)  Aug.  89. 

A  New  Ctorman  System  of  Electric  Train  Lighting.*    (37)    Sept.  6. 

Wear  of  Steel  Thxss  In  Germany.    1 13 )  Sept.  18. 

Atlantic  T3^pe  Passenger  Engines  for  the  Chesapeake  &  Ohio.*  (13)  Sept.  18. 

Electric  Power  in  Steam  Rau  <vay  Shops.*    (37 )  Sept.  18. 

Electric  Locomotive  for  Freight  and  Industrial  Service.*    (17)  Sept  18. 

Headlight  with  a  Vertical  Beam.*    (46 )  Sept.  18. 

New  Power  for  the  Chesapeake  &  Ohio.*    (40)  Sept.  19. 

Michigan  Central  Shop  Improvements  at  Jackson,  Mich.*    (13)  Sept.  19. 

The  Pennsylvania  Raflroad  In  New  York.*    (13)  Sept.  19. 

The  Corrington  Air  Brake.    ( 18)  Sept.  80. 

Electric  Weldhig  of  Rail  Joints.*    ( ao  >  Sept.  86. 

Difficult  Work  in  Repairing  a  Swiss  Railway  Tunnel.*    (13)  Sept.  86. 

The  Trethewey  Automatic  Train  EMpes  Coupling.*    (13)  Sept.  86. 


•  Illustrated. 
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The  Proper  Handling  of  Compound  LocomotiTefl.*  W.  J.  McCarroU.  (Abstract  of  paper 

read  before  t he  TrayeUng  Engrs.  Aesoc. )    ( ix )  Sept.  96. 
The  Tractive  Force  of  Locomotives.    Edward  L.  Coster,  A.  M.  Am.  Soc.  M.  E.    (as) 


Oct. 

Steel  Bails:  Speciflcations.    Robert  Job.    (ax)  Oct. 

The  Relation  between  Heating  Surface  and  CyUDder  Power:  A  Measure  for  the  Steam- 
ing Capacity  of  Locomotives.    Lawf ord  u.  Fry.    (as)  Oct. 

Six-Coupled  Switching  Locomotive,  Lake  Shore  &  Mlcnigan  Southern  Railway.*  (2$) 
Oct. 

The  Lighting  of  Railway  Trains  in  Europe  *    H.  Qu6rin.    (o)  Oct. 

New  Locomotive  and  Car  Shops,  Colllnwood,  Ohio;  Lake  Snore  &  Michigan  Southern 
Railway.*    (as)  Serial  beginning  Oct. 

The  Third-Rail  Klectric  System  on  Uie  New  York,  New  Haven  &  Hartford  R.  R.  (13) 
Oct.  2. 

The  Taylor  Electric  Interlocking  System.*    (m)  Oct.  9. 

Nouvel  Atelier  de  Montage  des  Locomotives  oe  la  Compagnie  des  Chemins  de-  Fer  de 
TEst,  &  Bpemay.    M.  Desgeans.    (38)  Sept. 

Railroad,  Street. 

The  Street  Railway  System  of  Providence,  Rhode  Island,  and  Vicinity.*    George  B. 

Francia    (1)  Aug. 
Street  Railway  Track  Construction  in   City   Streets.*     Arthur   L.    Plimpton.     (1) 

Aug. 
The  Relation  of  Street  Railway  Tracks  to  the  Paving  of  City  Streets.    Henry  Manley. 

(I)  Aug. 
Track  and  Overhead  System  for  an  Interurban  Eleotric  Railway.    Gilbert  Hodges.    (1 ) 

Aug. 
Street  Bailways  and  State  Highways.*    Harold  Parker.    (1)  Aug. 
The  "  Dolter  '*  Surface  Contact  System.*    (a6)  Sept  19. 
Cars  for  the  New  York  Subway.*    (17)  Sept.  90. 
The  Track  Construction  of   Suburban    and    Interurban  Electric    Bailways.     (17) 

Sept.  20. 
The  Aurora,  Elgin  &  Chicago  Interurban  Bail  way.*   (iff)  Sept.  96. 
Oars  for  the  Interborough  Bapid  Transit  Ballway,  New  York  City.*    (as)  Oct.:  (i8> 

Sept  27. 
Detroit  Electric  Railways.*    (37)  Oct.  4. 

Flint  Division  of  Detroit  United  Railway  Company.*    S.  T.  Dodd.    (a7)  Oct  4. 
Telephony  in  Street  Car  Dispatching.*    (a7)  Oct.  4. 
Motive  Power  and  Rolling  SCock  of  the  Detroit  United  RaUway.*  Thomas  Farmer.  (17) 

Oct  4. 
Overhead  Construction  and  Electric  Power  Distribution  of  the  Detroit  United  Railway 

System.*    (17)  Oct.  4. 
Train  Deepatchinflr  on  Interurban  Railways  Around  Detroit  *    (17)  Oct  4. 
Motive  Power  and  Rolling  Stock  on  the  Rapid  RaUway.*    ( 1 7>  Oct.  4. 
The  Operation  of  Electric  Interurban  Railways.*    w.  O.  Wood.    (17)  Oct.  4. 
Power  Distribution  and  Operating  Points  on  the  Detroit,  Ypsilanti,  Ann  Arbor  ft  Jack- 
son Railway.*    (17)  Oct.  4. 
Interurban  Electric  Railway  Car  Equipment.    W.  B.  Potter.    (17)  Oct.  4. 
Trucks  for  Interurban  Service.*    C.  P.  Uebelacker.    (17)  Oct.  4. 
Tests  of  Interurban  Cars  of  Union  Traction  Company.*    Clarence  Renshaw.     (17) 

Oct.  4. 
Suburban  Traffic  Conditions  of  London,  England.*    Philip  Dawson.    (17)  Oct.  4. 
Cars  for  H  igh-Speed  Interurban  Service.*    (17)  Oct.  4. 
The  Boston  and  Worcester  Street  Railway.*    (17)  Oct.  4. 
The  Oley  Valley  Railway.*    (17)  Oct.  4. 
The  Aurora,  Elgin  and  Chicago  Railway.*    (17)  Oct.  4. 
Application  de  la  Traction  Electrique  au  Cmemin  de  Fer  M6tropolitain  de  New  York 

(Manhattan  Railway.)*    Henry  Martin.    (33)  Serial  beginning  Sept.  18. 

Sanitary. 

Problems  in  Maintenance  of  Purity,  Equability  and  Moisture  of  Air  in  Dwellings.    P.  H. 

Bryce.    (67)  Sept. 
Engineer's  Repoit  on  the  Garbage  Furnaces  of  Trenton,  N.  J.    Rudolph  Bering.    (13) 

Sept.  11;  (14)  Kept.  18. 
Ventilating  and  Heating  School  No.  98.  Rochester,  N.  Y.*    (14)  Sept  90. 
A  Dozen  Yea,rs''  Experience  in  Sewage  Purification  at  Santa  Kosa,  Cal.    (13)  Oct.  9. 
Plumbing  in  the  Flat -Iron  Building,  New  York.*    (14^  Oct.  4. 
Sewage  Disposal  Works  at  Nuneaton,  England.    ( 14)  Oct.  4. 
£puratIon  des  Eaux  d'Egout.    G.  Richou.    (33)  Sept.  18. 

Stractural. 

Standard  Portland  Cement  Tests.    (Report  of  Special  Committee  Submitted  to  Canadian 

Soc.  of  Civ.  Engrs.)    (67)  Sept. 
The  BanR  of  the  State  of  New  York.*    ( 14)  Sept  18. 

The  Steel  Framework  of  the  Farmers'  Bank  Building,  Pittsburg,  Pa.*    (13)  Sept.  18. 
Deterioration  of  Steel  from  Vibration .    ( 1  a )  Sept.  19. 

*  Illustrated. 
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Strnctural— Continued. 

The  Paradox  of  the  Pantheon.*    (14)  Sept.  90. 

Ck>niph<ated  Underpinning.*    ( 14)  Sept.  27. 

Diacuasion  of  {Standard  SpeciflcationB  for  Steel  Foryringa  and  Castings.    Qu8.C.  Hennlag. 

t  Bef dre  Amer.  Inst,  of  Min.  Engrs. )    (6a )  Oct.  8. 
An  Adjusrable  Mold  for  Making  Concrete  Building  Blocks  *    (13)  Oct.  8. 
The  Philadelphia  Company's  BuUding,  Pittsburgh    (14)  Oct.  4. 
The  Manufacture  of  the  New  Fireproof  Material  Uralite.*    (46)  Oct.  4. 
Esaais  du  Fer  et  de  1' Acier  au  Moyen  des  Barreaux  Entaillds.    Rudeloff.    (37)  Aug. 
Formules  pour  les  Parois  et  Hauteur  Boonomique  des  Poutres  Droites.     Ferdmand 

Hofer.    (36)  Serial  beginning  Aug.  96. 

Topographical. 

Rapid  Base  Line  Measurement  for  the  Ninety-Eighth  Meridian  Triangulation.*    (14) 
Sept.  87. 

Water  Supply. 

Rotative  Pumping.*    John  Richards.    (1)  Aug. 

Water  Power  Transmission  for  the  Springfield^  Mass.,  Lighting  System.*    (a?)  Sept.  6. 


Sand  Washers  for  the  Slow  Sand  FUters  of  Mt.  Vernon,  N.  T.*    (13)  Sept.  11. 

The  San  Leandro  Earth  Dam  of  the  Oakland  Water- Works  (185  ft.  nigh).*    Burr  Bassell. 

(13)  Sept.  11. 
The  New  Power  Plant  at  Sault  Ste.  Marie.*    ( 18)  Sept.  18. 
Notes  on  the  History  of  Turbine  Development  in  America.    A.  0.  Rice,  M.  Am.  Soc.  0.  E. 


(13)  Sept.  18. 
r,  J\ 


Fair,  Just  and  Reasonable  Water  Rates.    (14^  Sept.  90. 

Notes  on  Irrigation  Engineering     ( 14 )  Sept.  80. 

The  Nile  Irriration  Works. *    1 46)  Sept.  SOT 

The  Largest  Electric  Water  Power  Station  in  New  England.*    (ay)  Sept.  90. 

The  Water-Power  Plant  of  the  Michigan-Lake  Superior  Power  Co.,  at  fiault  Ste.  Marie.* 

(13)  Bept.  26. 
Report  on  Water- Works  Rates  and  Valuation  at  San  Antonio,  Tex.    ( 13)  BapL  96. 
An  Engineering  Conmiission  on  the  Artesian  Wells  of  the  Memphis  Water- Works.    (13) 

Sept.  96. 
Electric  Power  Transmission   and   Supply  in  Switzerland.*      (la)   Serial  beginning 

Sept.  86. 
Sixigle-Phase  Pumping  Plant  at  Hammersmith.*    (a6)  Sept.  96. 
A  List  of  FaUures  of  American  Dams.    W.  R.  Hill,  M.  Am.  Soc.  C.  B.    (From  Presi- 

deniial  Address  before  the  Amer.  W.  W.  Assoc.)    (14)  Sept.  97. 
The  Sault  Ste.  Marie  Water  Power.*    Frank  C.  Perkins.    (37)  Sept.  87. 
The  Prevention  of  Electrolysis  of  Qaa  and  Water  Pipes  in  Great  Britain.    (13)  Oct.  8. 
Laying  Pipe  under  Water  and  Submerged  Suction  Mains.    A.  L.  Holmes.    (Abstract  of 

paper  read  before  the  Central  States  W.  W.  Assoc. )    (13)  Oct.  8;   (14)  Oct.  4. 
A  Concrete  Power  Dam  at  Hiddle  Falls,  N.  Y.*    (14)  Oct.  4. 
Nouvelle  Disposition  pour  Usines-Barragee.*    Michel  Berthier.    (33)  Sept.  6. 

Waterways. 

The  Materials  for  the  Concrete  of  the  Buffalo  Breakwater.*    Emile  Low,  M.  Am.  Soc. 

C.  E.    (13)  Sept.  11. 
Reconstruction  of  the  Lake  Winnibigoshish  Dam.*    (14)  Sept.  18. 
The  Oneida  Route  for  a  Barge  Canal  t».  The  Seneca-OneidaMohawk  Route.    T.  W. 

Symons.    (13)  Oct.  8. 

*  Illustrated. 
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1. — An  AliTEBNATTVE  LiNE  FOB  THE  NlOABAGUA  CaNAIj. 

The  importanoe  of  good  harbors  for  the  termini  of  the  Nicaragua 
Canal  is  so  great  that  we  could  well  afford  to  sacrifice  several  less 
favorable  features  to  secure  them. 

On  the  Pacific  side,  Brito  seems  to  be  the  only  available  terminus, 
and  a  harbor  will  have  to  be  constructed  there. 

On  the  Atlantic  side,  however,  there  is  more  choice;  but,  strange 
to  saj,  only  one  location  for  the  harbor  has  been  proposed.  This 
appears  all  the  more  strange  when  the  fact  is  considered  that  Grey- 
town  Harbor  was  ruined  nearly  forty  years  ago  by  the  sand  drift  from 
the  east,  and  the  whole  bight  of  the  coast  in  which  Greytown  is  situ- 
ated is  in  a  state  of  unstable  equilibrium,  and  has  been  from  remote 
geological  periods.  This  is  shown  conclusively  by  the  succession  of 
lagoons,  five  in  number,  beginning  with  Silico  and  ending  with  the 


Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discusaion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mall  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  iinally  closed,  the  papers,  with  discussion 
in  full,  will  be  published  in  TransactwnB. 
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present  harbor  lagoon,  which  have  been  formed  one  after  the  other  by 
the  westward  littoral  sand  drift  projecting  itself  in  the  form  of  a  spit 
across  there-entrant  coast  angle  and  thns  forming  a  progressive  delta, 
which  now  projects  fully  2  miles  from  the  normal  coast  line,  and  which 
shows  a  growth  of  9  miles  into  the  sea,  since  the  action  began  at  the 
ancient  shore  line  of  Silico  Lagoon. 

The  majority  of  this  sand,  but  not  all,  comes  from  the  Colorado 
mouth  of  the  San  Juan,  and  is  transported  westward  by  wave  action 
along  the  beach,  on  which  the  waves  strike  diagonally,  under  the 
influence  of  the  prevailing  easterly  winds.  The  writer  investigated 
this  subject  carefully  when  in  Kicaraguft^  and  discussed  it  in  his  report 
to  the  Maritime  Company,  in  1888. 

The  conditions  at  the  mouth  of  the  Colorado  are  quite  different, 
and  present  a  nearly  stable  equilibrium.  Since  1866,  when  this  whole 
region  was  surveyed  by  Assistant  P.  C.  F.  West,  of  the  United  States 
Coast  Survey,  there  has  been  no  appreciable  change,  up  to  the  present 
time,  at  the  Colorado  mouth,  while  great  changes  have  taken  place  at 
Greytown,  as  shown  on  the  series  of  charts  printed  in  the  Beport  of 
the  first  Nicarag^ua  Canal  Board,  and  ably  discussed  by  them.*  The 
writer,  however,  must  disagree  with  the  able  Commissioners*  statement 
that  a  neutral  point  of  equilibrium  exists  midway  between  Harbor 
Head  and  the  bight  where  the  Canal  Company's  canal  mouth  is 
situated.  The  whole  geological  and  physical  evidence  of  this  locality 
points  conclusively  to  the  fact  that  the  whole  littoral,  from  the  high- 
lands at  the  mouth  of  the  Colorado  to  the  present  canal  mouth,  is  in  a 
condition  of  constant  accretion,  and  from  the  mouth  of  the  Bio  Tauro 
it  presents  a  progressive  curtain  traveling  northwestward  nearly 
parallel  to  the  shore  line  as  now  existing  from  the  canal  northward 
and  northwestward,  each  succeeding  decade  removing  the  bight  or 
re-entrant  angle  further  to  the  northwest,  which  motion  resembles  that 
of  an  immense  mole,  or  rather  a  sand  wave  of  progression,  traveling 
up  the  coast. 

This  view  is  sustained  by  the  current  observations  which  the  writer 
took  in  the  bay  between  Harbor  Head  and  the  canal  mouth,  and 
which,  }  mile  off  shore,  were  found  to  have  a  direction  leading 
directly  into  the  bight,  and  normal  to  the  coast  line  west  of  the 
canaL 

*  Pai^e  88  et  aeg. 
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These  facts  show  plainly  the  futility  of  attempting  to  make  a 
harbor  in  this  re-entrant,  and  the  utter  impossibility  of  restoring  the 
Harbor  of  Grey  town. 

This  action  of  the  littoral  is  assisted  by  the  detritus  and  trash 
brought  down  by  the  Lower  San  Juan  Branch,  which  is  constantly  ex- 
tending and  increasing  the  swamp  lines  near  its  mouth,  as  shown  by 
examination  of  the  old  charts,  and  is  plainly  seen  by  daily  examina- 
tions, such  as  the  writer  made  while  in  charge  of  the  canal  works 
there. 

This  condition  was  clearly  understood  by  Major  McFarland,  of  the 
United  States  Engineers,  who  examined  and  reported  on  this  harbor 
and  the  canal  line  in  1876,  and  who,  for  this  reason,  adyocated  the 
location  of  the  canal  mouth  to  the  eastward  of  Harbor  Head,  at  the 
salient  angle  of  the  coast,  where  a  condition  of  more  stable  equilibrium 
exists.  The  futility  of  building  a  harbor  in  the .  re-entrant  angle  is 
exemplified  still  further  by  the  experience  of  the  Maritime  Canal 
Company. 

The  jetty  built  by  them  has  been  overwhelmed  by  the  sands,  and 
the  channel  they  had  cut  through  the  littoral  cordon  enclosing  the 
harbor  lagoon  filled  up  shortly  after  the  work  stopped.  Since  then  it 
has  opened  again,  on  account  of  the  action  of  the  floods  in  the  San 
Juan  Biyer,  of  which  it  now  forms  one  of  the  mouths.  This  latter  cause 
may  preserye  an  intermittent  channel  here,  but  it  will  constantly  de- 
cline in  depth  as  the  outflow  of  water  from  the  rapidly  shrinking 
Lower  San  Juan  becomes  less  and  less.  It  is  the  outflowing  watei 
alone  that  can  preserve  it.  There  is  now  a  depth  of  only  6  ft.  in  the 
channel  where  there  had  been  16  ft.,  and  a  new  spit  is  extending  itself 
northwestward  from  Harbor  Head  to  form  eyentuaily  a  new  lagoon  in 
front  of  the  present  one. 

The  Colorado  mouth  will  now  be  considered.  The  advance  of  the 
shore  line  from  the  Highlands  of  the  proceeding  geological  horizon  is 
only  2  miles,  as  compared  with  9  miles  at  Greytown,  in  the  same  time, 
and  appears  now  to  be  about  stationary.  The  Colorado  Branch  carries 
three-quarters  of  the  water  of  the  San  Juan,  and  the  lower  part  of  the 
San  Juan  has  been  growing  shallower  from  year  to  year,  and  filling  up, 
until  it  has  now  become  so  shallow  as  to  be  unnavigable,  and  the 
Steamboat  Company  who  used  it  on  their  weekly  trips  to  the  Lake 
have  been  obliged  to  discontinue  its  passage,  and  have  built  a  railroad 
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from  Greytown  to  near  the  Colorado  Junction.  The  Colorado  Branch 
shows  a  nearly  uniform  depth  of  from  24  to  30  ft.  from  the  bar  np  to 
the  month  of  the  Cano  Brayo,  a  distance  of  nearly  7  miles,  with  one 
stretch  of  from  12  to  17  ft.  depth,  abont  1|  mile  in  length,  and  nearly 
}  mile  in  average  width. 

There  are  three  parallel  lagoons,  called  collectively  *  *  Agna  Dnlce 
Liagoon,"  on  the  north  side,  running  nearly  parallel  to  the  shore  line, 
which  present  the  appearance  of  old  river  beds  nearly  at  right  angles 
to  the  present  coarse  of  the  river. 

These  lagoons  are  4,  7^  and  8}  miles  long,  respectively,  and  each  is 
abont  i  mile  wide.     They  have  a  depth  of  from  12  to  24  ft. 

South  of  the  river,  near  the  month  and  connected  with  it,  there  is 
an  old  river  channel,  called  Simon  Lagoon,  having  a  length  of  3f  miles 
and  an  average  width  of  \  mile.  These  lagoons  and  channels  are  all 
connected  with  the  river,  and  furnish  a  harbor  of  3  800  acres,  besides 
the  river  itself,  which  is  of  sufficient  width  and  depth  to  allow  vessels 
to  tie  up  to  the  bank  on  each  side  in  the  straight  reaches,  thus  afford- 
ing room,  altogether,  for  700  vessels  of  nearly  12  ft.  draft,  and  about 
20  vessels  with  a  draft  of  24  ft.  Its  capacity  could  readily  be  increased 
by  a  little  dredging  to  accommodate  100.  This  harbor  is  only  1  mile 
from  the  80-ft.  sea-curve.  The  depth  of  water  on  the  bar  varies  from 
8  to  11  ft.  at  low  water.  The  writer  examined  this  bar  in  1888,  and 
considers  it  well  adapted  for  improvement  by  jetties,  as  it  consists  of 
the  same  light  volcanic  sand  as  composes  the  beach  at  Grey  town,  and 
the  distance  out  from  shore  to  the  30-ft.  curve  is  only  about  2  500  ft. 

The  rise  of  the  tide  is  only  15  ins.  at  Grey  town,  about  14  miles  to 
the  northwest,  and  would  be  practically  the  same  here,  and  there  is  no 
inflowing  current.  The  velocity  of  outflow  is  from  3  to  4  ft.  per  second, 
and  the  volume  of  discharge,  at  a  low  stage,  is  16  000  cu.  ft.  per  second, 
as  measured  by  Major  McFarland.  This  is  likely  to  be  increased  four- 
fold in  floods,  and  will  never  fall  much  below  it.  The  depth  just  in- 
side the  mouth  is  30  ft. 

There  seems  to  be  little  reason  to  doubt  that  this  channel  can  be 
deepened  to  24  ft.,  by  jetties  alone,  especially  when  it  is  considered 
that  now  almost  no  water  passes  through  the  San  Juan  ill  o  from  the 
San  Juan,  and  that  the  Lower  San  Juan  is  rapidly  filling  up  and  in  a 
few  years  practically  all  the  water  of  the  San  Juan  will  pass  through 
the  Colorado  outlet,  thus  increasing  the  scouring  power. 
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The  land  on  the  south  side  of  the  river,  at  the  month,  is  high  and 
sigbtlj,  and  very  eligible  for  a  port,  and  the  shape  of  the  lagoons  is 
such  as  to  afford  not  only  a  most  secure  and  land-looked  harbor,  but 
also  excellent  facilities  for  coaling  and  loading  and  unloading  ships. 
The  depth  over  the  bar  can  be  easily  increased  by  dredging  to  the 
extent  required  after  the  jefcties  are  built,  or  probably  by  dynamite 
alone,  because,  owing  to  the  swift  outflowing  current  and  contracted 
channel  caused  by  the  jetties,  the  problem  would  be  much  simpler 
than  that  presented  at  Brunswick,  and  the  depth  once  gained  can  be 
easily  maintained  by  contraction  works,  on  the  plan  adopted  at  the 
South  Pass. 

This  harbor  appears  to  the  writer  to  be  the  great  desideratum  now 
lacking  in  the  Nicaragua  scheme,  and  he  believes  it  can  be  made  to  fill 
all  the  requirements  with  but  slight  cost;  not  so  much,  in  fact,  as 
would  be  required  to  make  a  harbor  at  Greytown,  which,  in  combat- 
ting all  the  forces  of  Nature,  would  require  constant  effort  to  keep 
open,  while  here  the  mighty  force  of  the  river  will  aid.  In  the  one 
case  we  are  fighting  Nature,  in  the  other  we  are  aiding  her. 

The  way  by  which  this  harbor  can  be  made  available  will  next  be 
described. 

The  last  Isthmian  Canal  Commission  dismissed  the  idea  of  a  canal 
on  the  south  side  of  the  San  Juan  in  a  few  words,  but  these  were  cal- 
culated to  prejudice  any  one  against  a  canal  on  that  side,  wrong^Uy, 
as  it  seems  to  the  writer,  inasmuch  as  they  stated  that  more  streams 
would  have  to  be  crossed  on  that  side,  stating  them  as  follows :  Frio, 
Poco  Sol,  San  Carlos  and  Serapiqui.  The  Chief  Engineer,  in  his  re- 
port,* says: 

'*  An  examination  of  the  map  shows  that  a  canal  location  from  the 
Caribbean  Sea  to  Lake  Nicaragua,  south  of  the  San  Juan  River,  would 
cross  all  of  these  streams.  This  would  make  its  construction  prac- 
tically an  impossibility.'* 

Inasmuch  as  the  plan  presented  by  the  Commission  contemplates 
the  construction  of  a  dam  at  Conchudo  just  above  the  mouth  of  the 
San  Carlos  River  and  below  the  Frio  and  Poco  Sol  Rivers,  the  flood- 
ing of  the  river  valley  from  this  Conchudo  dam  to  Lake  Nicaragua  up 
to  the  level  of  the  lake,  and  the  use  of  this  part  of  the  river  for  slack- 
water  navigation,  it  is  difficult  to  see  how  the  entrance  of  these  rivers 
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on  the  south  side  affects  the  problem  in  any  different  manner  than  if 
they  had  happened  to  enter  on  the  north  side. 

Seallj,  the  only  streams  that  affect  the  problem  are  those  which 
•enter  below  the  dam,  and  pdt  above,  as  the  canal  mnst  cross  those 
that  enter  on  the  same  side  on  which  the  canal  is  located. 

If  the  canal  is  located  on  the  north  bank  of  the  San  Juan  Biyer,  it 
must  cross  the  following  streams  below  the  Gonchndo  dam,  viz. :  The 
I>anta,  San  Francisco,  Negro,  San  Juanillo  (twice),  and  Pescado  Biyers, 
and  the  Mochado,  Tamborgrande,  Tamborcito,  Guasimo  and  Miste- 
rioBO  Greeks,  making  eleyen  crossings. 

If  on  the  south  side,  it  would  cross  the  San  Garlos  and  Serapiqui 

Biyers  and  the  Gureno,  Tamborcito,  Maria  and  Tigre  Greeks  (seyen 

crossings);  showing  four  in  fayor  of  the  south  side,  but  the  two  larg- 

•est,  the  San  Garlos  and  Serapiqui,  are  on  this  side.     The  latter  is  a  deep 

stream  of  moderate  yelocitj  near  the  mouth  where  the  canal  would 

cross  it,  but  it  is  no  more  difficult  than  the  San  Francisco,  except  in 

degree,  it  being  about  twice  the  size  of  that  stream  and  subject  to 

about  the  same  rise  in  freshets,  yiz.,  12  ft.     Its  crossing  could  be 

effected  without  difficulty  by  placing  a  lock  in  the  canal  on  each  side 

and  a  movable  dam  in  the  river  below.     The  other  streams,  with  the 

exception  of  the  San  Garlos,  are  small,  and  present  no  difficulties. 

The  San  Garlos  will  be  merged  in  the  lake  created  by  damming  the 

San  Juan.     The  plan  proposed  by  the  writer  for  consideration  is  as 

follows : 

To  locate  the  canal  on  the  south  side  of  the  San  Juan  Biver  from 
Ochoa  to  the  mouth  of  the  Golorado;  to  build  the  dam  at  Ochoa  from 
the  north  end  of  the  San  Garlos  embankment  hill  (but  not  on  the 
northeast  course)  to  a  point  east  of  the  mouth  of  Mochado  Greek,  as 
proposed  on  the  old  Ganal  Gompany's  plan,  but  from  the  same  point 
as  proposed  in  that  plan  on  the  San  Garlos  Bidge  in  a  direction  north- 
west by  west  to  the  high  rocky  hill  west  of  the  mouth  of  the  Mochado, 
allowing  that  creek  to  enter  the  river  below  the  dam.  All  the  borings 
taken  at  this  locality  tend  to  show  the  rock  to  be  much  nearer  the 
surface  above  the  dam  site  than  below,  and  the  geological  formation  in- 
dicates this;  but,  even  if  the  bed-rock  is  as  deep  here  as  on  the  location 
adopted  for  the  Ganal  Gompany *s  line,  the  construction  of  a  stable  and 
X>ermanent  dam  here,  the  writer  believes,  will  present  no  difficulty  on 
the  plan  he  proposes,  and  which  he  will  discuss  later. 
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Premising,  then,  that  a  dam  is  feasible  here,  this  dam  would  raise* 
the  water  in  the  river  to  110  ft.  above  sea  level,  and  the  San  Carlos. 
Basin  wonld  be  formed  by  building  twenty-three  small  embankments 
on  the  saddles  of  the  hills  forming  the  San  Carlos  Bidge  line,  fourteen 
of  which  would  be  less  than  16  ft.  in  height,  and  all  with  solid  founda- 
tions. Ample  sluices  would  also  be  built  in  this  ridge  line  for  the 
escape  of  the  flood  waters  of  the  San  Carlos,  as  proposed  in  the  Canal 
Company's  plans,  and  the  Ochoa  dam  would  be  built  as  a  weir  to  allow 
the  escape  of  the  flood  water  over  the  top,  which  plan  would  be  per- 
fectly safe  by  the  method  of  construction  herein  proposed,  and  which 
will  be  described  later. 

(The  United  States  Commission  states*  that  there  would  be  no  dif- 
ficulty in  building  the  San  Carlos  embankment.) 

The  canal  line  would  start,  then,  from  the  San  Carlos  Bidge,  with 
a  lock  in  both  the  upper  and  lower  ridges,  and  would  run  down  the 
valley  of  Curono  Creek,  through  Cureno  Lagoon  in  a  straight  line  to  and 
across  the  Serapiqui  Biver;  then  a  curve  of  large  radius  would  deflect 
it  to  the  north  to  pass  near  the  southern  bend  of  the  Colorado  Biver 
through  the  bayou  called  Bio  Blanco;  thence,  another  curve  to  the  left 
would  allow  a  tangent  to  be  laid  passing  through  Colorado  Lagoon  di- 
rect to  the  Colorado  Biver  at  the  junction  of  Simon  Lagoon;  thence,  fol- 
lowing the  river,  a  distance  of  3|  miles  to  the  sea.  It  will  be  noticed 
(see  Plate  XXXVUI)  that  the  Serapiqui  Biver  is  crossed  in  one  of  the 
bends,  so  that  the  current  will  be  taken  straight  instead  of  broad- 
side. By  this  location  only  four  curves  will  be  required  in  the  canals 
and  these  can  be  of  as  large  radius  as  may  be  desired,  as  against 
twenty-one  curves  on  the  line  laid  down  and  recommended  by  the 
Commission,  nine  of  which  have  a  radius  of  only  3  280  ft.,  and  two  of 
3  000  ft.,  while  several  of  them  are  reversed  curves.  These  numerous 
sharp  curves  are  very  objectionable.  The  chief  difficulty  in  navigating 
the  Suez  Canal  occurs  on  the  curves,  where  ships  of  deep  draft  are 
very  apt  to  take  the  ground.  For  this  reason  it  would  be  found  im- 
practicable to  operate  the  canal  at  night. 

The  part  of  the  river  used  for  the  canal  near  the  mouth  is  nearly 
straight,  with  no  sharp  curves,  and  the  water  is  from  18  to  30  ft.  deep. ' 
On  this  line  there  would  be  no  cut  of  more  than  56  ft. '  to  the  water 
grade,  except  at  one  or  two  knife  ridges. 

*Page  66. 
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The  canal  would  be  wholly  in  excavation  from  the  San  Carlos 
Ridge  line  to  the  sea,  and  the  length  from  the  San  Carlos  Basin  to  the 
30-ft.  carve  in  the  Caribbean  Sea  is  44.49  miles,  as  against  45.15  miles 
by  the  Commissioners'  line,  a  difference  of  0.66  mile  in  its  favor;  bnt, 
as  3 J  miles  of  the  proposed  line  is  in  the  Lower  Colorado,  where  the 
depth  varies  from  18  to  30  ft. ,  this  part  of  it  will  require  so  little 
dredging  that  it  practically  reduces  the  length  of  canal  in  excavation 
to  40.49  miles,  and  effects  a  saving  of  4  miles  of  canal  to  be  exca- 
vated. 

The  flood  line  of  the  Colorado  Biver  at  the  point  where  the  canal 
enters  is  only  about  3  ft.  above  the  low-water  stage,  so  that  it  will  be 
quite  practical  to  lock  into  the  river  and  use  it  for  the  lower  end  of  the 
canal. 

While  in  charge  of  the  surveys  and  works  of  the  Canal  Company 
in  1888-89  the  writer  sent  a  party  to  examine  and  awrvej  Cureno 
Creek,  and  another  to  examine  the  land  southeast  of  the  mouth  of  the 
Serapiqui  Biver.  In  the  former  case  the  lands  on  both  sides  were 
reported  low,  with  many  lagoons,  until  the  hills  of  the  San  Carlos 
Bidge  were  reached,  and  in  the  latter  case  the  land  was  reported  to  be 
all  wet  swamp,  with  occasional  isolated  hills,  for  many  miles  in  all 
directions.     In  1887  the  writer  reconnoitered  the  San  Carlos  Basin.    In 

1888  he  had  the  San  Carlos  Bidge  line  surveyed  and  personally 
examined  it.  During  the  same  year  he  made  a  compass  reconnoissance 
of  Trinidad  Creek,  Manitee  Lagoon,  and  the  adjoining  lands;  and  in 

1889  he  examined  the  Colorado  Biver  and  Bar,  observing  that  the  land 
near  the  river  was  nearly  all  low  and  swampy.  In  1888  he  also  sent  a 
party  to  reconnoiter  the  land  in  Costa  Bica  south  of  San  Francisco 
Island,  and  it  reported  low  rolling  hills,  without  any  high  land. 

In  1898  the  Isthmian  Canal  Commission  caused  a  survey  and  recon- 
noissance to  be  made  of  Tamborcito  Creek  and  the  adjoining  territory 
east  to  Manitee  Lake.  This  examination  covered  Tamborcito  Lagoon, 
and  showed  the  character  of  the  country  to  be  low  and  swampy,  with 
isolated  hills  and  a  few  broken  ridges. 

These  different  surveys  and  reconnoissances  practically  cover  the 
whole  line,  taken  in  connection  with  the  observations  made  by  the 
writer  from  the  high  pilot  house  of  a  steamer  on  the  San  Juan  Biver, 
which  failed  to  discover  any  high  land  on  the  south  bank  of  the  San 
Juan,  until  nearly  up  to  Ochoa,  except  a  few  detached  hills. 
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These  examinations  are  sufficient  to  justify  a  snrvej  of  this  line,  and 
to  warrant  the  statement  that  in  all  probability  a  practical  and  even 
favorable  line  can  be  located.  It  is  qnite  possible  that  on  the  actual 
location  it  may  prove  to  be  desirable  to  introduce  one  or  two  more 
curves  to  improve  the  profile  and  avoid  high  hills,  but,  after  leaving 
the  San  Carlos  Bidge  line,  the  surface,  for  the  most  part,  with  the  pos- 
sible exception  of  a  short  stretch  opposite  San  Francisco  Island,  will 
be  found  to  be  elevated  only  a  few  feet  higher  than  the  bank  of  the 
San  Juan  Biver.  This  is  absolutely  known  for  nine-tenths  of  the 
distance  to  the  sea.  No  rock  has  been  observed  on  this  line,  and  it  is 
not  believed  that  any  large  amount  will  be  found.  What  there  is  will 
probably  consist  of  medium-sized  boulders.  It  is  also  possible  that 
when  the  actual  location  is  made  the  line  can  be  improved  con- 
siderably. 

Until  this  line  is  definitely  located,  an  accurate  estimat-e  of  the  cost 
is  impracticable,  but  a  tolerably  close  estimate  is  possible  for  one 
familiar  with  the  country.  The  summit  level  being  the  same  as  that 
prepared  by  the  Commission,  there  will  be  the  same  rise  and  number  of 
locks,  but  the  deep  rock-cut  at  the  mouth  of  the  San  Carlos  Biver,  and 
the  other  heavy  rock-cuts  at  Tamborcito,  Serapiqui,  San  Francisco  and 
the  vicinity  of  Silico  Lagoon  will  be  entirely  eliminated,  and  the  only 
heavy  cuts  encountered  will  be  those  at  the  lock  sites,  which  are  neces- 
sary in  all  cases. 

The  earth  excavation  will  be  red,  white  and  blue  clay,  and  swamp 
muck.  This  is  predicted  from  the  surface  indications,  the  eroded 
hills,  the  river  and  creek  sections  along  the  line,  and  the  boiifigs  taken 
on  the  San  Carlos  Bidge  line.  There  will  be  no  excavation  in  the 
San  Carlos  Basin,  a  distance  of  3  miles,  to  give  a  30-ft.  navigation, 
and  for  the  lower  Colorado,  where  the  line  runs  in  the  river  for  8 
miles,  the  depth  of  dredging  required  will  average  only  6  ft. 

From  the  approximate  estimate  made  by  the  writer,  the  line  on  the 
south  side,  herein  described,  can  be  built  for  about  $17  000  000  less 
than  the  Commission's  line  on  the  north  side. 

The  strong  outflowing  current  of  the  Colorado  is  required  to  main- 
tain the  channel  through  the  beach  to  the  sea.  Without  this  agency 
the  canal  mouth  can  only  be  kept  open  by  constant  dredging,  at  great 
yearly  expense.  The  greater  part  of  the  discharge,  however,  if  desired, 
could  be  turned  down  the  Lower  San  Juan  by  constructing  deflecting 
dikes  and  a  barrage  at  the  head  of  the  Colorado. 
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A  modification  of  the  line  herein  proposed  wonld  pass  into  the 
Colorado  Biver  at  the  head  of  the  Rio  Blanco  and  continue  therein  to 
the  sea.  This  location  would  only  be  made  in  the  interest  of  economy, 
but  is  feasible  by  making  some  cut-offs  and  straight enings,  and  would 
reduce  the  cost  about  one-half  for  a  distance  of  12  miles. 

It  is  contended  by  some  that  the  San  Carlos  Basin  will  be  filled  up 
by  sand  brought  down  by  the  river.  It  seems  to  the  writer  that  this 
contingency  is  very  remote.  This  basin  is  9  miles  long  and  4  miles 
broad,  and  the  riyer  enters  8  miles  above  the  San  Juan  Biver.  The 
average  depth  of  the  basin  will  be  about  40  ft.,  and  there  will  be  about 
75  to  80  ft.  in  the  channels.  When  the  basin  is  flooded,  the  San  Carlos 
will  enter  the  lake  8  miles  from  the  canal  sailing  line  and  will  deposit 
its  load  of  sand  as  soon  as  it  enters  the  still  waters  of  the  lake.  It 
must  be  considered  that  the  upper  part  of  the  river,  above  the  basin, 
is  rocky  and  contains  but- little  sand,  the  river  bed  having  been  well 
washed,  and  that  most  of  the  sand  now  comes  from  the  lower  part, 
which  then  wiU  be  in  the  lake;  consequently,  the  sand  movement  will 
be  much  less  than  it  is  now.  Even  if  this  basin  should  fill  up  in  the 
course  of  500  years,  the  canal  could  still  bo  dredged  through  it,  as  in 
other  places. 
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2.— Dam  Pboposed  at  Oghoa,  on  the  Nioaraova  Canal. 

The  writer  believes  that  a  masonry  or  monolithic  dam  wonld  be 
highly  objectionable,  either  at  Panama  or  Nicaragua,  on  acconnt  of 
the  great  damage  that  might  be  done  to  it  in  a  few  moments  by  an 
earthquake,  and  which  might  require  several  years  to  repair,  and  in 
the  meantime  the  canal  would  be  closed. 

Any  method  of  construction  which  can  be  substituted,  which  will 
be  free  from  this  danger,  and  which  is  at  the  same  time  a  safe  and 
practical  plan  should  be  considered  attentively  and  welcomed  gladly. 

The  plan  recommended  by  the  Advisory  Board  of  Consulting  Engi- 
neers to  the  Canal  Company  was  for  a  looserock  dam,  30  ft.  wide  on 
the  crest  and  500  ft.  on  the  base,  with  up-stream  slopes  of  1  to  1  and 
down-stream  slopes  of  4  to  1,  and  a  total  height  of  70  ft.  This  was 
increased  by  the  First  United  States  Canal  Commission  to  950  ft.  on 
the  base,  up-stream  slope  1  to  1,  down-stream  slope  10  to  1  at  the  toe, 
increasing  to  4  to  1  at  the  crest,  snth  a  width  of  20  ft.,  and  this  rock 
fill  was  to  be  backed  on  the  up-stream  side  by  an  earth,  gravel,  and 
chip  backing,  20  ft.  on  the  crest  and  having  an  up-stream  slope  of 
5  to  1,  with  a  base  of  340  ft. 

The  writer  proposes  a  loose-rock  dam,  enclosed  in  a  heavy  chain- 
cable  net,  with  a  base  of  360  ft.,  a  crest  of  10  ft.,  an  up-stream  slope 
of  1  to  1,  and  a  down-stream  slope  of  4  to  1,  as  shown  in  Fig.  2. 

The  chain  composing  the  net  would  consist  of  1-in.  ship^s  cable, 
forming  meshes  3  ft.  square.  These  meshes  would  be  crossed  by 
two  }-in.  cable  chains  making  four  meshes  .of  18  ins.  square,  all  to  be 
linked  together  securely  by  split  links  or  shackles  at  the  crossings, 
as  shown  in  Fig.  2.  This  net  would  first  be  laid  flat  on  the  river 
bottom  (Fig.  1),  from  shore  to  shore,  and  extending  up  the  banks  to 
the  top  of  the  dam,  and  up  stream  and  down  stream  above  and  below 
the  dam  a  sufficient  distance,  so  that,  when  the  dam  is  built  to  its  full 
height,  the  ends  from  the  top  and  bottom  can  be  brought  up  and 
fastened  together  on  the  top  of  the  dam. 

The  net  would  also  be  continued  on  the  bottom  of  the  river,  above 
and  below  the  dam,  as  an  apron,  100  ft.  at  each  end,  laid  flat  on  the 
bottom  of  the  river  and  covered  with  about  2  to  3  ft.  of  rock  (Fig.  3). 
This  chain  net  would  accommodate  itself  to  the  inequalities  of  the 
bottom  of  the  river,  and  would  promptly  sink  into  and  fill  any  holes 
formed  by  scouring.     As  the  dam  settled  from  this  cause,  stone  would 
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be  added  on  the  top  until  a  condition  of  stable  equilibrium  was  secured. 
The  chain  net  would  give  cohesiveness  and  stability  to  the  strucfture, 
which  would  thus  be  made  a  unit.  The  bed  should  first  be  dredged 
out  as  deep  as  it  could  be  conveniently. 

To  prevent  the  dam  being  broached  during  construction  the  net 
would  be  brought  up  on  the  down-stream  slope  from  time  to  time  to 
keep  pace  with  the  growth  of  the  mound,  and,  being  securely  linked 
to  the  sides  and  front  ends  as  the  work  progressed,  would  effectually 
prevent  the  degradation  of  the  crest,  no  matter  what  depth  of  water 
was  passing  over. 

This  method  of  construction  would  present  no  difficulties,  and  the 
structure  when  completed  would  present  no  conditions  that  could  not 
be  readily  computed.  As  the  work  progressed,  sufficient  broken 
stone  and  gravel  would  be  thrown  in  to  fill  all  voids  of  the  dam,  and 
after  its  completion  more  gravel,  sand  and  clay  would  be  thrown  in. 
on  the  upper  side  to  make  it  water-tight.  This  material  would  be 
sucked  in  among  the  loose  rocks  by  the  current.  Wing  trenches  in 
the  banks  would  first  be  excavated  to  rock  or  carried  to  solid  masonry- 
flanks,  and  these  trenches  filled  with  the  chain  net,  and  the  enveloped 
rock  would  be  in  turn  linked  to  the  main  dam. 

The  cost  of  such  a  dam  would  be  far  less  than  that  of  a  masonry  dam, 
and  could  be  built  in  half  the  time.  It  would  be  perfectly  safe  as  a  weir  ; 
an  earthquake  would  only  serve  to  consolidate  it  and  fill  up  the  voids^ 
and  it  could  not  slide  or  be  overturned.  The  rock  would  be  that 
taken  out  of  the  canal  prism,  which  would  otherwise  be  wasted. 

The  First  United  States  Commission,  of  which  the  late  Gen. 
Ludlow  was  chairman,  did  not  consider  impracticable  the  building  of 
a  loose-rock  dam  at  Ochoa,  with  the  modifications  that  they  proposed. 
The  chief  danger  that  they  anticipated  lay  in  broaching  the  crest  of 
the  dam  by  the  deep  over-rush  of  flood  waters.  This  is  evidently 
impossible  when  the  rock  is  confined  in  a  chain-cable  net,  with  the 
links  of  the  cable  1  in.  in  diameter.  In  suggesting  this  dam  for  the 
consideration  of  the  Society,  it  is  with  no  desire  to  criticize  the  able 
Commission  or  their  engineers,  but  solely  for  the  porpose  of  exam- 
ining all  sides,  as  would  seem  desirable  and  proper  in  a  work  of  this 
magnitude  and  importance,  before  deciding  definitely  upon  a  route. 
Even  in  the  event  of  the  Nicaragua  route  being  selected,  it  could  be 
greatly  improved,  straightened  and  reduced  in  cost,  between  the  San 
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Francisco  hills  and  Serapiqui  Bidge,  by  continuing  the  cnrre  a  few 
more  stations  at  San  Francisco,  and  mnning  more  to  the  north  and 
farther  from  the  river  in  a  direct  line  to  Cano  Snoio  (see  Plate 
XXXVm).  This  wonld  do  away  with  three  cnrves,  two  of  which  are 
reversed  cnrves  of  very  short  radins  for  a  canal,  t.  e.,  3  820  ft.,  and 
wonld  snbstitnte  a  tangent  6  miles  long  for  the  crooked  and  expensive 
line  recommended  by  the  Commission.  It  wonld  be  nearly  all  in 
swamp,  and  wonld  eliminate  the  heaviest  cnt,  280  ft.  in  depth,  on  the 
Commissioners*  line,  namely,  that  at  Tamborcito  Hill.  The  writer 
knows  this  because  he  surveyed  the  line  in  1888. 

A  dam  of  this  character  is  not  a  wholly  untried  experiment.  Many 
years  ago  the  writer  built  a  small  dam  similar  to  this,  but  the  net 
was  made  of  twine,  and  sand  bags  were  substituted  in  place  of  rock, 
it  being  intended  to  serve  a  temporary  purpose.  In  this  case,  for  the 
base,  a  cross-trench  was  dug  with  shovels,  and  the  dam  was  first  built 
up  of  sand  bags  alone.  These  were  washed  off,  however,  and  then  the 
writer  conceived  the  idea  of  enveloping  the  whole  dam  in  a  net.  An 
old  fish  net  was  pressed  into  service,  and  the  dam  was  rebuilt  and 
enveloped  in  it.  There  was  no  further  trouble;  the  dam  stood  and 
resisted  a  pressure  of  about  9  ft.  and  a  flood  of  18  ins.  over  the  crest. 

Suppose  the  stream  has  a  velocity  of  6  ft.  per  second  and  a  depth 
of  15  ft.  over  the  top  of  the  dam,  conditions  that  probably  will  never 
be  exceeded;  also,  suppose  a  mahogany  log,  20  ft.  in  diameter  and 
60  ft.  long,  should  be  brought  by  the  current  end  on  against  the  dam; 
assume  that  this  log  would  have  the  same  velocity  as  the  stream,  viz. , 
6  ft.  per  second,  and  that  its  weight  would  be  942  480  lbs.  -^  2  000  = 
471  tons. 

The  strain  of  a  force  pressing  against  the  center  of  the  net  would 
be  transmitted  in  one-quarter  ratio  from  link  to  link  of  the  chain  to 
the  ends  of  the  net  or  to  some  point  where  the  net  is  immovably  held 
by  projecting  rock  or  to  a  comer  or  sharp  edge  that  holds  the  net 
immovable.  The  strains  thus  transmitted  in  all  directions  would  be 
modified  more  or  less  by  the  friction  of  the  chain  net  on  the  rocks,  oi 
by  its  partial  fixation  by  sharp  projections  which  would  not  prove 
actually  immovable.  The  strains  would  also  be  transmitted  by 
pressure  through  the  rock  mass  of  the  dam  to  the  chains  on  the 
opposite  sides  and  ends.  The  amount  of  these  transmitted  strains 
would  be  modified  by  the  solidity  of  the  rock  mass  and  its  stability. 
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for  it  is  plain  that  if  the  rock  mass  were  perfectly  immovable  no 
strains  wonld  be  transmitted  to  the  opposite  chains,  but,  in  the  case 
of  a  loose  rock-fill  dam,  the  pieces  of  rock  composing  it  wonld  have  a 
certain  freedom  of  motion  over  each  other,  and  those  on  the  crest 
would  be  likely  to  be  pushed  over  and  off  the  crest  by  a  sufficient 
force,  if  not  withheld  by  the  cables. 

The  forces  tending  to  produce  this  result  would  be  the  impact 
and  lifting  force  of  the  water  applied  along  the  whole  crest  of  the  dam, 
and  the  force  produced  by  the  impact  of  any  large  body,  such  as  a  log 
floating  with  the  current.     The  net  being  divided  into  squares  by  1-in. 
chains,  and  these  again  into  four  smaller  squares,  by  }-in.  chains, 
those  squares  against  which  the  moving  body  impinged  would  be 
called  upon  to  sustain  all  the  strain,  provided  the  adjoining  squares 
to  which  they  were  connected  were  held  rigidly ;  but  this  not  being 
the  case,  the  strain  would  be  transmitted  to  the  next  square  and  the 
next,  and  so  on,  each  square  resisting  a  certain  amount  in  proportion 
to  the  friction  of  that  particular  square  on  the  loose  rock  on  which 
it  was  lying,  which  friction  would  be  greatly  modified  by  the  pro- 
jecting comers  of  rock  within  each  square.     In  other  words,  if  the 
chain  net  were  simply  suspended  vertically  across  the  river  entirely 
free  from  the  dam,  the  strains  would  be  transmitted  equally  in  all 
directions  to  the  ends.     The  question  then  resolves  itself  into  the 
friction  of  a  heavy  chain  net  on  a  rough  bed  of  loose  rock,  each  piece 
averaging,  say,  100  lbs.  in  weight,  and  being  more  or  less  firmly  fixed 
in  its  bed  by  the  adjacent  rocks  of  different  sizes.     In  the  absence  of 
any  experiments  as  to  the  amount  of  such  friction  it  can  only  be 
assumed  that  it  would  increase  in  direct  proportion  to  the  distance 
from  the  point  of  application  of  the  force.      It  is  evident,  then,  that 
at  a  distance,  x,  from  the  point  of  application,  the  friction  would 
absorb  all  the  strains,  and  that  part  of  the  chain  lying  beyond  would 
be  unstrained.     This  distance  would  depend  upon  the  roughness  of 
the  bed,  and  the  amount  and  character  of  the  bends  in  the  line  of 
strain.     If  this  distance  were  short  a  certain  proportion  of  the  strain 
would  be  transmitted  around  the  ends  or  faces  of  the  dam,  and  would 
be  taken  up  by  the  chain  on  those  sides  or  ends.     This  would  also  be' 
modified  by  the  weight  of  the  chain.     In  order  to  broach  this  dam, 
then,  the  power  must  be  able  to  overcome:  (1)  The  total  weight  of  the 
chain  lying  on  the  crest  and  on  the  up-stream  and  down-stream 
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sides;  (2)  the  friction  of  the  ohain  on  the  np-stream  and  down*Btream 
sides  of  the  dam  and  the  crest,  supposing  the  bottom  to  be  immov- 
-able;  (3)  the  tensile  strength  of  the  chain;  (4)  the  inertia  of  the  loose 
rock  on  the  crest  and  as  low  down  as  the  power  is  applied;  (5)  the 
friction  of  the  loose  rock  pieces  on  each  other;  (6)  the  friction  of  each 
chain  link  on  each  other. 

Owing  to  its  construction,  the  chain  would  not  present  a  rigid 
Tesi stance  until  all  the  links  were  set  up  to  a  hard  bearing.  Thus  it 
would  act  as  a  cushion  and  would  reduce  greatly  the  effective  force  of 
the  blow.  The  imparting  force  would  first  have  to  OTcrcome  the 
weight  of  the  chain  and  its  friction  on  the  rock  and  on  itself  to  draw 
it  taut.  Therefore,  if  6  ft.  of  water  should  be  flowing  over  the  dam, 
■at  a  velocity  of  6  ft.  per  second,  and  if  a  mahogany  log,  20  ft.  in 
diameter  and  60  ft.  long,  submerged  16  ft.  deep,  should  strike  the 
-dam,  the  strength  of  the  dam  would  be  more  than  double  the 
broaching  force,  even  after  allowing^  the  chain  a  working  strength  of 
only  50^  of  the  proof  test.  The  friction  of  the  chain  on  the  rock  is 
found  by  calculation  to  be  four  times  greater  than  the  whole  force  of  the 
water  and  the  log  tending  to  overturn  it;  therefore  the  dam  could  not 
be  deformed,  but  must  remain  a  unit,  and  preserve  its  normal  section. 

Now,  suppose  the  water  to  be  running  16  ft.  deep  over  the  dam,  and 
assume  the  mean  direction  of  the  current  to  be  elevated  22^  30'  above 
the  horizontal,  and,  disregarding  the  weight  of  the  upper  apron, 
which,  however,  will  be  firmly  chained  to  the  dam,  and  will  exert  a 
downward  pull  of  19  136  tons  against  any  force  tending  to  overturn 
the  dam;  then,  constructing  the  parallelogram  of  forces,  it  is  found 
that  the  resultant  strikes  inside  the  base,  the  ratio  being  65  :  220,  there- 
fore the  dam  cannot  be  overturned;  and  the  angle  of  the  resultant  is 
less  than  the  angle  of  friction,  therefore  it  cannot  slide,  even  if  it  were 
not  prevented  by  the  earth  wails  of  the  trench  in  which  it  is  embedded, 
and  by  the  method  of  construction  by  which  it  is  anchored  firmly 
by  the  chains  to  the  flanking  walls. 
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UNIT  COSTS  OF  WORK  IN  PROGRESS. 

An  Informal  Discussion  at  the  Annual  Convention,  May  2lBt,  1902.^ 


SrBJECi  f  OB  Discussion. 

''  Is  it  possible  and  desirable  to  keep  accounts  of  cost  of  work  in  such 
a  manner  as  to  ascertain  unit  costs  on  each  class  of  work?" 


By  Messrs.  Sanfobd  £•  Thompson,  W.  W.  CuifHiNas  and  S.  Whinbbt. 


Mr.  Thompeon.  Sanfobd  E.  THOMPSON,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Too 
great  stress  cannot  be  laid  upon  the  utter  worthlessness  of  any  system 
of  cost-keeping  records  which  does  not  describe  in  full  the  materials 
handled  and  the  conditions  under  which  the  work  is  performed. 

The  writer  calls  to  mind  a  large  cost-sheet  relating  to  an  earth  dam 
with  a  concrete  core- wall  and  a  masonry  spillway,  which  was  con- 
structed under  contract,  for  storage-basin  purposes,  by  one  of  our  largo 
cities.  The  engineers  for  the  city  had  kept  carefully  the  cost  of  each 
division  of  the  work,  and  the  unit  costs  were  calculated.  The  cost 
per  cubic  yard  for  hauling  the  earth  was  calculated  very  carefully, 
but  no  remarks  were  made  upon  the  character  of  the  material  exca- 
vated or  the  length  of  the  haul.  The  actual  cost  per  cubic  yard  of  the 
masonry  was  recorded,  but  no  distinction  was  made  between  face  work 
and  rubble  work.  The  same  lack  of  data  was  found  in  all  the  other 
divisions  of  the  sheet.  The  unit  costs  were,  in  other  words,  of  no  use 
whatever  in  estimating  another  job,  unless  the  design  and  the  condi- 

*  The  discussion  of  this  subject,  on  which  no  formal  paper  was  presented,  is  con- 
tinued from  the  August<i  190B,  Proceeding*, 
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tions  tinder  which  the  work  was  io  be  oonstmcied  were  practically  Mr.  Thompson. 
identicaL 

This  is  cited  merely  as  an  illustration  of  the  numerons  cases  where 
time  is  wasted  in  making  np  records,  which,  while  mathematically 
exact,  give  no  results  that  can  be  used  for  the  basis  of  estimates 
npon  new  work  which  is  different  and  yet  contains  similar  features. 

In  the  annual  reports  of  almost  all  city  engineers  there  are  tables 
of  costs  of  pipe  laying,  paving,  and  other  municipal  work,  which  would 
be  of  considerable  value  to  the  profession  if  such  detaOs  as  depth  of 
cut,  character  of  materials,  length  of  haul,  and  laborer's  rate  of  wages 
per  day  were  given. 

The  experience  of  the  writer  has  been  that  to  obtain  unit  costs  of 
real  value,  either  in  factory  cost-keeping  or  in  engineering  construc- 
tion, careful  observations,  covering  short  periods  of  time  but  taken 
very  accurately,  with  all  the  attendant  conditions  described  fully,  are 
of  far  greater  value  for  future  estimates  than  figures  which  cover  a 
long  period  of  time  but  are  not  itemized  carefully  and  for  which  the 
work  is  not  described  accurately.  Considerable  experience  and 
practice  are  necessary,  in  taking  either  indoor  or  outdoor  records  of 
times  of  short  duration,  to  select  average  conditions,  and  to  make 
sure  that  all  the  auxiliary  operations  of  the  work  are  included,  and 
that  sufficient  allowances  are  made  for  the  unavoidable  delays  occur- 
ring throughout  the  day. 

W.  W.  CuuMiNOS,  M.  Am.  Soc.  C.  E.  (by  letter).— The  subject  of  Mr.CummingB. 
"Unit  Costs  of  Work"  is  worthy  of  much  thought.  The  writer 
heartily  agrees  with  Mr.  Whinery  that  the  knowledge  of  such  units, 
as  the  work  progresses,  often  leads  to  discoveries  of  want  of  proper 
management,  or  lack  of  previous  knowledge  of  the  difficulties  to  be 
met,  which  results  in  prompt  discipline  in  the  one  case  or  more 
economical  methods  in  the  other,  and  which,  without  such  a  system, 
would  not  have  been  appreciated  until  it  was  too  late  to  remedy  the 
evils. 

In  harmony  with  Mr.  Churchiirs  observations,  the  writer  has 
known  of  ordinary  second-rate  foremen  who  have  been  stimulated  into 
producing  results  of  a  high  order  by  the  daily  comparison  of  the 
costs  of  their  work. 

It  seems  as  though  the  discussion  of  advisability  and  possibility 
might  be  extended  into  a  synopsis  of  the  methods  of  securing  these 
units  and  the  principles  on  which  such  methods  are  based. 

In  establishing  a  system  of  reports,  as  has  been  well  said,  the 
general  outlines  must  depend  on  the  character  of  the  work  in  hand, 
but  the  imderlying  principles  are  the  same  in  all  cases.  No  one  but 
a  person  who  has  struggled  through  the  establishment  of  such  a 
method  can  appreciate  the  amount  of  labor  necessary  to  avoid  the 
complication  caused  by  too  much  detail,  or  the  ambiguity  of  too  little. 
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Xr.CuiimiiQgB.  Simplioitj  is  the  first  requisite,  both  on  account  of  the  uneducated 
men  on  whom  the  engineer  must  depend  to  secure  the  first  entries, 
and  for  the  purpose  of  making  the  clerical  labor  a  minimum.  A  great 
mistake  is  to  aim  at  such  accuracy  in  obtaining  the  first  entries  that 
the  notes  become  complicated  and  confused.  As  Mr.  Crowell  has 
said,  extreme  accuracy  is  not  necessary,  nor  is  it  desirable.  With  a 
little  coaching,  the  foreman  will  use  his  judgment  in  charging  the 
odd  fractions  of  labor  and  material,  so  that  the  weekly  average  will 
be  more  nearly  correct  than  if  a  large  mass  of  detailed  data  were 
obtained. 

One  principle  that  is  important  is  to  have  the  divisions  and  sub- 
divisions of  the  reports  on  the  same  general  plan,  so  that,  in  the 
gradual  combination  of  the  diversified  reports,  it  is  only  necessary  to 
add  the  similar  items  from  the  different  parts  of  the  work  and  for  the 
different  days,  weeks,  months,  etc.,  until  the  work  is  completed. 

Another  principle  is  to  combine  the  statistics  by  ''daily  "  totals, 
and  ''to  date"  totals,  "grand  totals,"  etc.,  so  that  the  subdivision 
of  costs  is  obtained  at  once  and  can  be  read  at  a  glance. 

In  devising  a  system  to  apply  these  principles  the  engineer  takes 
the  items  from  which  he  made  his  estimate,  and  has  a  daily  report 
card  from  each  subdivision  or  foreman.  On  these  cards  the  labor  and 
tools  are  classified,  and  there  are  seven  columns  headed :  Number  of 
Men,  Previous  Amounts,  Hours,  Bate,  Daily,  To  Date,  and  Bemarks. 

Bach  foreman  enters  the  hours  of  labor  and  the  material  for  his 
section  for  the  day.  His  section  comprises,  if  possible,  a  certain  con- 
dition of  work.  The  time- keeper  fills  out  the  "Previous,"  "Daily" 
and  "  To  Date  "  columns,  and,  under  "  Bemarks,"  gives  the  qualifying 
conditions. 

The  cards  are  sent  to  the  office,  together  with  the  engineer's  reports 
of  the  "  daily  "  and  "to  date  "  work  done  in  the  corresponding  classes. 
The  book-keeper  enters  the  totals,  from  the  foremen  working  under 
similar  conditions,  on  a  page  ruled  into  sections  of  three  columns  each 
and  having  a  particular  class  of  the  work  for  the  heading  of  each 
section.  Each  of  the  three  columns  is  headed  "Amount,"  "Bate" 
and  "  Total,"  respectively.  On  one  side  of  the  page  is  a  column  for 
dates  and  a  wide  column  for  subdivided  headings,  while  on  the  other 
side  of  the  page  is  a  wide  cohimn  for  remarks.  This  page  is  headed 
like  the  different  foremen's  cards,  and  can  be  used  for  daily,  weekly^ 
monthly  or  yearly  reports  by  simply  transcribing  the  totals. 

The  writer  has  used  such  a  system  for  a  number  of  years,  and  has 
been  agreeably  surprised  at  the  ease  with  which  the  foremen  take  up 
the  idea,  and  the  small  clerical  force  necessary  to  keep  the  records  up 
to  date.  He  recalls  one  time  when  1  600  men  were  employed  on  a  line 
extending  over  12  miles,  and  the  entire  force  consisted  of  three 
division  engineers  with  one  and   two  assistants  each,   three  time- 
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keepers,  one  paymaster  and  two  book-keepers.    At  that  time  the  daily  Mr.  CummixigB. 
records  were  complete  for  inspection  by  12  o'clock  the  following  day. 

S.  Whinkbt,  M.  Am.  Soc.  C.  E.  (by  letter). — The  discnssion  of  this  fifr.iWbJnery. 
topic  has  been  interesting  and  valuable,  bat  not  as  full  as  the  import- 
ance of  the  subject  merits. 

If  some  member  of  the  Society,  who  has  given  the  subject  attention 
and  has  had  considerable  experience  in  devising  and  applying  cost- 
keeping  systems  on  engineering  works,  would  favor  the  Society  with 
a  paper  upon  the  subject,  going  into  details  and  illustrations,  he  would 
render  a  substantial  service  to  the  Profession. 
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RELATIVE  PERMANENCE  OF 
STEEL  AND  MASONRY  CONSTRUCTION. 

An  Informal  Disonssion  at  the  Annnal  Convention,  May  2l8t,  1902.* 


Subject  fob  Diboubsion. 

''Is  steel  susceptible  of  being  made  as  permanent  a  bnilding  material 

as  masonry  ?  " 


By  Chablbs  G.  Dabbaoh,  M.  Am.  Soc.  C.  £. 


Mr.  Darrach.  ChabijBS  G.  Dabbach,  M.  Am.  Soo.  0.  E.  (by  letter). — It  is  gratify- 
ing that  upon  so  important  a  subject  as  that  under  discussion  there 
should  be,  practically,  unanimity  of  opinion.  It  would  seem  that, 
from  the  present  knowledge  of  the  art,  composite  construction  will 
receive  greater  attention  than  heretofore. 

As  indicated  in  the  opening  remarks,  and  although  in  a  degree 
criticised,  the  uncertainty  of  calculations,  based  upon  general  knowl- 
edge, should  warn  every  engineer  that  failure  may  result  unless  special 
attention  is  given  to,  and  tests  made  of,  the  particular  quality  of  the 
materials  used  and  the  method  of  manipulation  and  construction. 
That  the  greatest  economy  can  be  obtained  by  composite  construction 
(procuring  the  tensile  values  of  metal  with  the  compressive  and  pro- 
tective values  of  the  artificial  stone),  both  as  to  first  cost  and  cost  of 
maintenance,  seems  to  be  the  opinion  of  those  entering  into  the  dis- 
cussion. 

*  The  discussion  of  this  subject,  on  which  no  formal  paper  was  presented,  is  con- 
tinued from  the  September,  190S,  Proceeding; 
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There  are  two  points,  however,  which  Beem  to  have  been  either  Mr.  Danadi., 
overlooked  or  misapprehended:  First,  the  necessity  of  protection 
against  electrolysis;  and  second,  that  metal  is  not  affected  by  pnre 
water  containing  no  air.  In  reference  to  the  latter,  it  is  donbtfnl 
whether  any  engineer  ever  has  to  deal  with  snch  water.  The  writer, 
at  least,  has  not  been  f  ortnnate  enough  to  have  to  deal  with  water  con- 
taining no  air.  In  his  long  experience  he  has  not  found  perfectly  pure 
natural  water  without  air.  All  natural  waters  contain  air.  Clear  water, 
as  found  in  Nature,  has  a  greater  erosive  tendency  than  either  muddy 
water  or  sewage. 

Water  carrying  suspended  matter  deposits  it  upon  the  conduits 
through  which  it  passes,  or  upon  the  surfaces  with  which  it  comes  in 
oontact,  and  a  part  of  this  suspended  matter  forms  a  protective  coat- 
ing on  the  metal  and  deters  corrosion. 

In  this  discussion  several  cases  have  been  cited  in  which  metal  has 
laid  in  silt,  under  several  feet  of  water,  for  a  long  period  without  cor- 
rosion; nor  are  these  results  surprising;  for,  those  who  have  had  expe- 
rience in  designing  and  operating  filters  know  well  that  with  muddy 
waters,  or  sewage  containing  sludge,  it  takes  but  a  short  time  and  an 
exceedingly  thin  filjn  to  prevent  absolutely  the  percolation  of  water 
through  a  sand  bed. 

The  Society  is  to  be  congratulated  upon  the  very  free  and  intelligent 
discussion  upon  this  most  important  subject,  and,  no  doubt,  it  will  be 
of  great  benefit  to  others  than  those  of  our  own  Society. 
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IMPROVEMENT  OP  THE  BLA.CK  WARRIOR, 
WARRIOR  AND  TOMBIGBEE  RIVERS, 

IN  ALABAMA. 

Discussion.* 


By  Messrs.   Gbobob  T.   NbiiLes,   Edwabd   P.   Nobth,  S.  WnnniBT^ 
Geobgb  W.  Eafteb  and  Theodobe  Bblziosb. 


Mr.  Neiles.  Geobob  T.  Nelles,  M.  Am.  Soo.  G.  E.  (by  letter). — During  aconneo- 
tion  of  six  years  with  the  improvement  of  the  Tennessee  Biver  and  its 
principal  tributaries,  the  writer  had  occasion  to  make  a  very  compre- 
hensive study  of  the  improvement  of  non-tidal  rivers  in  general,  and 
to  design  and  execute  works  of  improvement  very  similar  in  their 
character  and  object  to  those  described  by  Mr.  McGalla;  he,  there- 
fore, takes  great  pleasure  in  discussing  the  paper,  and  extends  his 
discussion  to  the  question  of  lock  designs  in  general. 

Method. — The  improvement  of  rivers  of  this  class  can  generally  be 
effected  either  by  regulation  or  canalization.  The  former  method 
comprises  the  removal  of  obstructions,  the  rectification  of  the  channel 
and  the  equalization  of  the  slope  and  depth  by  means  of  excavation, 
training  and  contracting  works.  A  review  of  many  existing  examples 
shows  that  the  success  of  regulation  works,  where  the  flow  is  ample 
and  the  natural  conditions  not  incompatible,  depends  upon  their 
design  and  execution  in  accordance  with  correct  hydroteohnic  prin- 
ciples, upon  the  stability  of  the  bed  and  bank,  whether  natural  or 

«  Continued  from  the  September,  190S,  Proceedings.  See  April,  1902,  Proceedings, 
for  paper  on  this  subject  by  K.  C.  McCalia,  M.  Am.  Soc.  C.  E. 
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produced  bj  artificial  means,  and  upon  the  conservation  to  the  greatest  Mr.  Nelles. 
possible  extent  of  the  natural  shape,  conditions  and  tendencies  of  the 
stream. 

An  improvement  by  canalization,  depending  upon  the  natural  con- 
ditions, can  be  effected:  Bj  the  construction  of  canals  with  proper 
locks  around  the  obstructed  sections;  by  the  construction  of  locks  and 
dams,  either  fixed  or  movable,  in  the  bed  of  the  river,  so  disposed  as 
to  produce  the  desired  depths;  or  by  a  combination  of  these  methods. 
Considered  simply  as  a  means  of  improvement,  canalization  is  a  much 
more  certain  and  satisfactory  method  than  regulation  for  streams  of 
comparatively  small  flow  and  protracted  low-water  periods.* 

The  method  adopted  for  the  improvement  of  the  Warrior  system 
appears  to  be  admirably  suited  for  the  conditions  and  requirements, 
for,  in  addition  to  the  reasons  given  for  the  adoption  of  this  method 
of  improvement,  it  can  be  shown,  by  the  application  of  the  usual 
hydraulic  formulas,  that  a  low- water  flow  of  not  less  than  2  500  cu.  ft. 
per  second  would  be  necessary  in  order  to  secure  anything  like  the- 
same  results  by  regulation  methods. 

Fixed  or  Movable  Bams. — The  question  of  using  fixed  or  movable^ 
dams  no  doubt  received  the  consideration  its  importance  demands,, 
and  the  conclusion  reached,  to  use  fixed  dams,  was  doubtless  fully 
justified;  still,  it  appears  to  the  writer,  from  the  information  furnished 
by  the  paper,  that  this  question  is  at  least  open  to  argument.  With 
fixed  dams,  it  is  extremely  doubtful,  in  a  river  characterized  by  rapid 
rises  of  such  short  duration,  if  there  will  be  any  open-river  navigation 
at  all ;  that  is,  it  will  not  be  practicable  for  boats  to  take  advantage  of 
tiie  high- water  periods,  and  increase  correspondingly  the  size  and  draft 
of  their  tows,  so  that,  as  a  result,  the  size  of  the  locks  and  the  depth 
on  the  miter  sills  will  be  the  limiting  features  of  the  commerce  of  the 
river.  Consequently,  if,  as  the  author  states,  movable  dams  would 
add  three  months  to  the  season  of  open -river  navigation,  it  appeara 
that  the  additional  cost  of  construction  and  for  maintenance  would  be 
fully  justified,  because  the  capacity  of  the  streams  would  be  increased 
sufficiently  thereby  to  offset  fully  any  reasonable  difference  in  the 
original  cost  or  for  maintenance. 

It  is  not  thought  by  the  writer  that  the  leakage  or  loss  of  available 

*  For  a  more  complete  discuBslon  of  the  question  of  improving  non-tidal  riTers,  and 
the  methods  recommended  for  effecting  such  improrement  in  special  cases,  the  reader 
Is  refeired  to  the  following  published  reports  by  the  writer: 

House  Document.   Ck)ngrees.  Session. 
The  Improvement  of  the  French  Broad  Riyer, 

Tenn No.  610.  66th.  1st. 

The  Improvement  of  the  Mountain  Section,  Ten- 

nesMeRlver ''    461.  66th.  1st. 

The  Improvement  of  the  Little  Tennessee  River, 

Tenn "     66.  66th.  M. 

The  Improvement  of  the  Clinch  River,  Tenn. ...  ^*     75.  66th.  8d. 

Thelmprovementof  the  Hiwasee  River,  Tenn...  "     77.  56th.  8d. 

The  Improvement  of  the  Holston  River,  Tenn. . .  ''    818.  66th.  9d. 
The  Improvement  of   the    Middle    Tennessee 

River "     M.  67th.  1st. 
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ttr.  Nelles.  water  woald  be  materially  greater  with  movable  dams  than  with  the 
timber  crib  dams  proposed.  It  has  been  shown  by  B.  F.  Thomas,  M. 
Am.  Soo.  C.  E.y*  that  it  was  possible  at  the  needle  dam  in  the  Big 
Sandy  Biver  at  Lonisa,  Ey.,  to  rednce  the  leakage  through  the  navi- 
gable pass,  under  a  head  of  12  ft.,  to  less  than  5}  en.  ft.  per  second,  or 
less  than  0.04  cu.  ft.  per  second  per  linear  foot  of  dam.  In  view  of 
the  comparatively  small  low- water  flow  in  the  Big  Sandy  Biver  (50  on. 
ft.  per  second)  this  loss  would  be  of  much  greater  relative  importance 
in  that  case  than  a  much  greater  loss  in  the  case  under  consideration. 
The  successful  use  of  movable  dams  on  the  Kanawha  and  Big  Sandy 
Bivers,  and  on  the  Meuse  and  other  European  streams,  of  far  less  low- 
water  discharge  than  the  Warrior,  indicates  clearly  that  leakage  would 
not  prove  as  serious  a  difficulty  in  the  present  case  as  anticipated  by 
the  author. 

Stability  ofths  WcUls. — From  an  examination  of  the  text  and  accom- 
panying cuts  (which,  in  the  opinion  of  the  writer,  have  been  so  reduced, 
condensed  and  abbreviated  for  publication  that  their  usefulness  has 
been  materially  impaired),  it  is  not  evident  that  the  effect  of  submerg- 
ence and  upward  pressure  on  the  base  has  been  considered  in  the 
design  of  the  lock  wallb;  doubtless,  these  features  received  considera- 
tion, but,  to  what  extent,  and  how  their  effect  has  been  provided  for, 
is  not  made  clear  in  the  paper.  Under  ordinary  circumstances,  it  is 
customary,  in  the  design  of  retaining  walls  or  dams,  subject  to  water 
pressure,  and  founded  on  solid  rock  or  other  impervious  strata,  to 
neglect  the  effect  of  submergence  and  upward  pressure  on  the  base, 
on  the  supposition  that  by  careful  workmanship  these  effects  can  be 
reduced  so  that  they  need  not  be  taken  into  consideration.  Eminent 
authorities  are  arrayed  on  both  sides  of  this  question.  In  a  paper 
entitled  ''  High  Walls  or  Dams  to  Besist  the  Pressure  of  Water,  "f  by 
the  late  James  B.  Francis,  Past-President,  Am.  Soc.  0.  E.,  occurs  the 
following: 

'*  Most  ledges  of  rock  have  seams  in  various  directions  which  admit 
the  passage  of  water.  If  such  is  the  case  with  the  rock  on  which  the 
wall  we  are  considering  is  built,  we  must  assume  that  the  water  in  the 
seams  is  in  communication  with  the  water  in  the  reservoir,  and  that 
near  (the  back  edge  of  the  wall  there)  is  an  upward  pressure  on 
the  masonry  equal  to  the  head.  *  *  *  The  upward  pressure  may 
also  extend  over  the  whole  base  of  the  dam,  naturally  diminishing 
toward  the  toe,  *  *  *  where  it  would  be  zero.  Supposing  it  to 
diminish  uniformly  from  (the  back  to  the  toe),  the  average  would 
be  equal  to  that  due  to  half  the  head.  *  *  •  The  center  of  the 
upward  pressure  will  be  at  '^  *  *  one-third  of  the  width  of  the  base 
from  (the  back  edge).     *    *    * 

"  It  is  often  the  case  that  in  order  to  reach  a  suitable  rock  founda- 
tion a  considerable  part  of  the  height  of  the  wall  is  below  the  permanent 

*  Annual  Report  of  Chief  of  Engineers,  U.  8.  A.,  1808,  p.  8146. 
t  TranMctions^  Am.  Soo.  C.  E.,  Vol.  zix,  p.  147. 
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level  of  the  water  in  the  ground.    In  this  part  of  the  wall  the  effective  Mr.  NelteiL 
weight  per  cubic  foot  of  the  masonrj  is  only  its  excess  above  the  weight 
of  a  cubic  foot  of  water. " 

In  a  paper  entitled  ''Notes  on  High  Masonry  Dams,"*  by  John 
D.  Van  Baren,  M.  Am.  Soc.  C.  E.,  a  strong  argument  is  advanced  in 
favor  of  designing  dams  to  resist  the  probable  upward  pressure  on 
'the  base. 

In  discussing  these  pai)ers,  Edward  Wegmann,  M.  Am.  Soc.  C.  E., 
denies  the  necessity  for  providing  against  the  upward  pressure,  other 
than  by  careful  workmanship,  bat  admits  that  if  the  water  should 
penetrate  between  the  foundation  and  the  base  it  would  doubtless 
give  rise  to  an  upward  pressure  and  diminish  the  stability  of  the 
wall. 

Joseph  P.  Frizell,  M.  Am.  Soc.  O.  E.,  says: 

"Engineers  of  standing  have  affirmed  that  in  computing  the 
stabOity  of  cement  masonry  under  water,  when  it  is  bedded  on  firm 
rock,  the  buoyancy  of  the  mass  should  not  be  considered,  the  water 
being  excluded  from  the  bottom  by  the  mortar.  These  experiments 
(by  Mr.  Francis)  show  that  such  exclusion  is  impossible.  ** 

E.  Sherman  Gould,  M.  Am.  Soc.  G.  E.,  says: 

''I  think  it  may  be  doubted  if  the  concluding  paragraph  of  Mr. 
Prancis'  paper,  regarding  the  loss  of  weight  of  foundations  carried 
below  the  permanent  level  of  water,  is  to  be  taken  as  an  unquestioned 
fact.  It  would  of  course  be  safest,  in  such  cases,  to  make  calcula- 
tions on  both  assumptions,  and  take  the  result  which  indicated  the 
heaviest  work. " 

E.  A.  Fuertes,  M.  Am.  Soc.  G.  E.,  says: 

*'  But  it  cannot  be  admitted  as  a  certainty  that  <an  upward  pressure 
may  be  transmitted  through  the  mortar  to  the  entire  base'  of  the 
•dam,  for  such  a  pressure  could  be  transmitted  only  when  the  entire 
base  is  lifted  from  its  support;  and  in  this  case  no  pressure  could  be 
•exerted  on  the  bed  of  the  foundation.  So  long  as  the  specific  gravity 
of  the  material  of  the  dam  exceeds  that  of  the  water  under  the  ordi- 
nary conditions  of  dams,  direct  contact  and  pressure  must  exist  at 
many  points  of  the  base,  however  irregularly  distributed  or  restricted 
they  may  be  to  small  and  unconnected  areas.  This  fact  points  to  the 
necessity  of  providing  for  increased  surfaces,  to  diminish  the  prob- 
ability of  overloading  the  points  of  contact,  thus  increasing  the 
probability  of  making  them  more  numerous." 

A  paper,!  descriptive  of  certain  experiments  by  Messrs.  Broenni- 
man  and  Boss,  shows  clearly  the  existence  of  hydrostatic  pressure  in 
masonry  of  almost  every  description  when  subject  to  a  head  of  water. 
The  effect  of  this  permeability  on  homogeneous  structures  and  founda- 
tions is  not  set  forth  clearly  in  this  paper  or  in  the  paper  by  Mr. 
Prancis.  It  is  generally  conceded,  however,  that  the  stability  of  the 
wall  is  to  some  extent  decreased. 

*  Trafuactiona^  Am.  Soc.  C.  E.,  VoL  xxxiy,  p.  4fi8. 

t  Jaumal  of  the  Wefltern  Society  of  Engineers,  Vol.  U,  p.  449. 
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Mr.  NaUes.       In  his  '*  Practical  Designing  of  Retaining  Walls,"  William  Cain,. 
M.  Am.  Soc.  G.  E.,  writes  as  follows: 

**  As  water  often  saturates  the  filling,  and  perhaps  gets  under  the 
wall,  we  must  consider,  in  certain  cases,  water  pressure  in  connection 
with  the  thrust  of  the  backing.  *  *  *  If  the  wall  is  founded 
on  a  porous  stratum,  the  weight  of  masonry  is  similarly  reduced 
(when  submerged)  by  62.4  lbs.  per  cubic  foot,  or,  say  one-half,  ordi- 
narily ;  but  if  the  foundation  is  rock  or  good  clay  '  there  is  no  more 
reason  why  water  should  get  under  the  wall  than  that  it  should  creep 
through  any  stratum  of  well  constructed  masonry  or  puddle  dam,'  aa 
Mr.  Baker  has  observed." 

From  a  review  of  the  authorities  quoted,  and  others,  it  is  seen 
that,  however  much  engineers  may  differ  in  regard  to  the  effect  of 
submergence  and  upward  pressure  on  walls  resting  on  an  impermeable 
foundation,  they  are  practically  in  accord  as  to  the  necessity  for 
considering  their  effect  when  the  foundation  is  permeable. 

In  the  case  under  consideration,  where  the  walls  are  all  founded 
on  a  permeable  stratum  of  sand  or  gravel,  and  are  dependent  entirely 
upon  two  rows  of  sheet-piling  to  cut  off  the  water,  there  seems  to  be 
no  room  (whenever  there  is  a  head  of  water)  to  doubt  the  existence  of 
an  upward  pressure  on  the  base,  and  these  designs  have  recognized 
the  existence  of  such  a  pressure  by  providing  openings  through  the 
wooden  floor  to  relieve  it. 

Testing  the  stability  of  the  river  wall  (Section  F-F,  Fig.  6),  for  a 
head  of  water  of  17  ft.  on  the  outside,  when  the  lock  chamber  is 
empty,  considering  the  upward  water  pressure  on  the  base  and  the 
downward  as  well  as  the  horizontal  water  pressure  on  the  back,  and 
assuming  the  wall  to  be  dO  ft.  high,  6  ft.  wide  on  top  and  12.25  ft. 
wide  on  the  base,  with  sloping  back,  it  is  found  that,  for  a  weight  of 
140  lbs.  per  cubic  foot  for  the  masonry,  the  factor  of  safety  against 
overturning  is  2,  instead  of  6,  as  stated  by  the  author,  and  that  the 
center  of  pressure  falls  about  1.25  ft.  beyond  the  outer  limit  of  the 
middle  third  of  the  base,  or  at  about  the  inner  limit  of  the  outer  fifth 
of  the  base.  According  to  TrautwiDC  and  others,  these  are  safe  con- 
ditions for  well-constructed  retaining  walls,  but,  according  to  the 
generally  accepted  conditions  of  stability,  viz,y  that  the  center  of 
pressure  shall  fall  within  the  middle  third  of  the  base,  and  the  factor 
of  safety  against  overturning  shall  not  be  less  than  8  for  walls  of  this 
description,  subject  to  water  pressure  and  to  sudden  shocks  and  jars» 
it  appears  that  a  sufficient  margin  of  safety  has  not  been  provided. 

It  is  the  writer's  opinion  that  a  much  more  trying  condition  of 
pressure  against  this  wall  will  be  found  to  exist  during  floods,  when 
the  lock  is  nearly  full  of  water  and  the  pressure  is  outward.  The 
data  are  not  given  for  an  exact  determination  of  this  question,  but, 
assuming  the  difference  in  level,  at  the  time  the  walls  are  flooded,  to 
be  2.5  ft.,  and  that  this  difference  increases  proportionately  up  to 
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10  ft.  as  the  river  falls,  and  calonlating  the  stability  of  the  wall  for  Mr.  Neltes. 
the  YarionB  changes  in  the  pool  levels,  it  is  found  that  the  most  trying 
<;ondition  of  pressure  will  exist  when  the  water  level  in  the  lock  is  at 
Mevation  99  and  in  the  river  at  Elevation  93.8.  For  this  condition  it 
is  found  that  the  factor  of  safety  against  overturning  is  only  1.64, 
■and  that  the  center  of  pressure  is  about  1.85  ft.  beyond  the  outer 
limit  of  the  middle  third  of  the  base.  If  the  actual  cross-section  of 
the  wall  is  used  in  calculating  its  stability,  thus  increasing  the  head 
of  water  by  1  ft.  and  the  width  of  the  base  by  2  ft.,  it  is  found,  for  the 
conditions  of  pressure  above  stated,  that  in  both  cases  the  factors  of 
stability  will  be  less  than  shown  by  the  preceding  calculations. 

From  these  considerations  it  appears  that  this  wall  is  safe,  although 
the  factors  for  the  most  trying  conditions  of  pressure  are  not  as  great 
as  the  best  practice  demands  for  walls  subject  to  shocks  or  jars  from 
any  cause,  or  where  great  interests  would  be  jeopardized  by  a  failure. 

Testing  the  stability  of  the  land  wall,  which  is  taken  as  30  ft.  high, 
6  ft.  wide  on  top  and  16  ft.  wide  on  the  base,  with  five  2-ft.  steps  on 
the  back  (Section  F-F,  Fig.  6),  for  the  case  where  the  lock  is  empty 
and  the  head  of  water  behind  the  wall  is  17  ft. ,  assuming,  as  is  the 
g^eneral  practice,  that  the  wall  will  be  called  upon  to  resist  the  com- 
bined action  of  the  earth  and  water  pressures,  estimated  separately, 
^nd,  in  addition,  an  upward  pressure  on  the  base  due  to  the  head  of  17 
ft.,  and  calculating  the  earth  pressure  by  the  Bankine  formula,  using 
a  natural  earth  slope  of  30^  and  a  weight  of  120  lbs.  per  cubic  foot,  it 
is  found  that  the  factor  against  overturning  is  1.6,  and  that  the  center 
of  pressure  falls  2.3  ft.  beyond  the  outer  limit  of  the  middle  third  of 
the  base.  For  earth  pressure  alone  the  factor  against  overturning  is 
2.8,  and  the  center  of  pressure  falls  close  to  the  outer  limit  of  the 
middle  third  of  the  base. 

The  writer  has  frequently  had  occasion  to  test  the  stability  of  gate 
abutment  walls,  and  has  found  almost  invariably  that  the  dimensions 
of  such  walls  as  fixed  by  a  consideration  of  the  room  required  for 
operating  machinery  and  for  culverts,  provided  ample  weight  and 
-stability  to  resist  safely  the  external  forces  acting  on  them.  In  the 
present  case,  taking  the  lower  river  abutment,  and  assuming  a  length 
-of  30  ft.  to  resist  the  thrust  of  the  gate,  for  the  condition  of  pressure 
for  which  the  river  wall  was  tested,  t.  e.,  water  in  the  lock  chamber  at 
Elevation  99,  and  outside  the  chamber  at  Elevation  93.8,  it  is  found 
that  the  factor  against  overturning  is  3  and  against  sliding  is  nearly  4. 

SiU  Failures,  ^One  of  the  most  fruitful  sources  of  accident  to  locks 
is  found  in  the  lifting  or  failure  of  the  miter  sills,  due  to  insufScient 
weight  or  fastening.  In  this  country,  the  most  notable  examples  of 
4icoidents  from  this  source  that  have  come  to  the  writer's  notice  are 
4Ut  follows: 

At  the  Louisville  and  Portland  Canal  locks,  in  1891,  before  the 
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Mr.  Kelies.  oanal  had  been  opened  for  traffic,*  under  a  head  of  9)  ft.,  the  tipper, 
middle  and  lower  gate  sills  failed  in  rapid  succession  by  lifting.  The 
sills  were  composed  of  large  blocks  of  stone,  6  x  6  x  2  ft.,  laid  in 
cement  mortar  on  bed-rock,  but  not  bolted.  After  the  accident  it 
was  discovered  that  the  bed-rock  was  fnll  of  seams,  and  had  been 
shattered  badly  in  preparing  it  for  the  foundation.  The  repairs  were 
made  quickly  and  successfully  by  bolting  the  sill  stones  to  the  bed-rock 
with  2-in.  fox-wedged  bolts  of  considerable  length. 

At  the  Des  Moines  Eapids  Canal,  in  1877,  after  having  been  in 
operation  for  one  month,  it  was  discovered  that  the  coping  courses  of 
the  lift  walls  and  the  lower  sills  of  the  middle  and  lower  locks  had 
lifted  from  1  to  3  ins.,  under  the  pressure  due  to  a  head  of  11  ft. 
When  the  locks  were  pumped  out  for  repairs  it  was  found  that  the 
primary  cause  of  the  failure  was  the  imperfect  leading  of  the  holding- 
down  bolts.  The  sills  of  all  the  locks  on  this  canal  were  immediately 
strengthened  and  repaired  by  means  of  l}-in.  fox- wedged  bolts,  ex- 
tending well  down  into  the  bed-rock,  and,  while  the  bolts  were  still 
hot,  the  holes  were  poured  fuU  of  melted  sulphur.  It  is  understood 
that  these  repairs  were  effective,  and  that  no  further  trouble  has  been 
experienced  from  this  cause,  f 

At  the  new  800- ft.  lock  at  Sault  Ste.  Marie,  in  September,  1895, 
before  the  lock  was  opened  to  navigation,  it  was  found  that  the  coping 
of  the  upper  guard  gate  miter  sill  rose  2)  ins.  under  the  pressure  due 
to  a  head  of  14^  ft.  of  water.  No  reason  is  given  for  the  failure,  and 
the  damage  was  immediately  repaired  by  re-setting  the  stones  and 
making  them  fast  with  one  hundred  l|-in.  fox- wedged  bolts,  set  in 
rich  mortar.  The  other  sills  at  this  lock  were  also  re-bolted  and  made 
much  more  secure  than  was  originally  thought  necessary.  X  Ck>n8ider- 
able  difficulty  was  also  experienced  at  this  lock  by  reason  of  the  lifting 
of  the  floor  and  culvert  timbers  when  under  pressure.  This  difficulty 
was  remedied  by  the  use  of  l|-in.  fox-wedged  bolts  of  proper  length. 
In  connection  with  these  repairs,  a  great  many  tests  and  experiments 
were  made  to  determine  the  holding  power  of  anchor  bolts  set  in 
cement  mortar.  {  The  results  of  these  tests  may  be  stated  briefly  as 
follows:  The  adhesion  of  1  to  1  Portland  cement  mortar  to  hammered 
bar-iron  varied  from  42  to  152  lbs.  per  square  inch,  in  six  months. 
The  adhesion  of  1  to  2  Portland  cement  mortar  to  1-in.  round  iron 
rods,  imbedded  from  1  to  9  ins. ,  varied  from  230  to  350  lbs.  per  squaie 
inch,  in  one  month.  Tests  made  with  limestone  screenings  instead  of 
sand  in  the  mortar  gave  results  nearly  double  those  above  stated. 
The  tests  made  seem  to  indicate  that  the  adhesion  per  square  inch  is 
independent  of  the  area  in  contact,  whether  due  to  the  depth  imbedded 
or  to  the  size  of  the  rods. 

*  AxmuAl  Report  of  Chief  of  Engineers,  U.  S.  A.,  1878,  p.  400. 
t  Annual  Report  of  Chief  of  Engineers,  U.  8.  A.,  1877,  p.  788. 
i  Annual  Report  of  Chief  of  BngineerB,  U.  8.  A.,  1896,  p.  2787. 
I  Annual  Report  of  Chief  of  EnglneerB,  U.  8.  A.,  189S,  p.  9B17. 
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At  the  Mnscle  Shoals  Canal,  in  Northern  Alabama,  the  same  trouble  Hr.  Nelies. 
was  foond  at  all  the  locks  where  the  lift  exoeeded  8  ft.  The  sill  stones 
are  generally  6  x  6  ft.,  and  2.5  ft.  thick,  set  in  mortar  on  bed-rock  and 
partially  bolted.  No  serious  accidents  have  ever  resulted  at  these 
locks  from  this  cause,  and  the  repairs  haye  been  effected  by  re-bolting 
the  disturbed  sill  stones  and  grouting  with  rich  mortar. 

In  view  of  these  somewhat  general  defects  in  lock  design  or  con- 
struction, the  writer  is  of  the  opinion  that  some  special  provision,  not 
indicated  on  the  plans,  will  be  necessary  to  assure  the  safety  of  the 
gate  and  coffer-dam  sills  in  the  design  now  under  discussion. 

Gates,  Valves  mid  Otdveris, — The  adoption  of  the  methods  advanced 
by  the  United  States  Deep  Waterways  Commission  in  the  design  of 
these  gates  should  make  them  an  example  of  the  most  advanced  ideas 
in  structures  of  this  kind,  and  it  is  to  be  regretted  that  the  author  has 
not  gone  deeper  into  the  details  of  the  design,  and  given  the  dimen- 
sions, conditions  of  pressure  and  size  of  parts  on  the  drawings.  The 
method  of  operation  and  the  details  of  the  gates  have  been  worked 
out  in  a  highly  ingenious  manner. 

The  exact  design  of  the  gates  for  locks  of  this  description,  where 
the  conditions  of  pressure  are  constantly  changing,  is  much  more  dif- 
ficult and  complicated  than  the  design  of  gates  where  the  pressure 
conditions  can  be  considered  constant,  as  for  instance  in  the  case  of 
tlie  Deep  Waterways  Commission  locks.  In  cases  like  the  present 
one,  where  the  pool  levels  are  constantly  changing  with  the  stage  of 
iihe  river,  each  part  should  be  designed  especially  for  the  most  trying 
condition  of  pressure  that  can  come  on  it,  and  it  is  not  unusual  to 
find  that  this  condition  is  different  for  each  member  in  the  gate;  con- 
sequently, it  is  not  possible  to  design  such  a  gate  with  reference  to  its 
rigidity,  as  advocated  by  Captain  Hodges  in  his  work  on  *  *  Mitering 
XfOck  Gates,''  but  rather  with  reference  to  a  given  unit  stress  under 
the  maximum  load. 

The  variation  between  the  actual  and  theoretical  stress  in  lock 
gates,  as  determined  by  the  usual  methods  of  calculation  and  the 
effect  of  the  vertical  members  in  distributing  the  stress  through  the 
^te,  is  well  illustrated  by  certain  observations  made  in  1898  by  Sydney 
B.  Williamson,  M.  Am.  Soc.  C.  E.,  at  Lock  6  of  the  Muscle  Shoals 
Canal.  These  observations  consisted  in  measuring  the  actual  deflec- 
tion of  the  horizontal  girders  in  the  lower  gate  at  Lock  6,  with  the 
lock  full  and  the  lower  pool  empty.  This  gate  is  made  up  of  15-in. 
53-lb.,  rolled  X-beams,  34.6  ft.  long,  for  horizontal  girders,  spaced  as 
shown  in  Table  No.  8.  The  gate  is  sheathed  on  the  up-stream  side 
with  i-in.  plates,  which  extend  in  unbroken  sheets  from  top  to  bottom 
of  the  gate,  with  ^  x  12-in.  cover  plates  at  all  joints,  and  is  stiffened  by 
means  of  four  diagonal  9-in.  X-beams,  weighing  25  lbs.  per  foot, 
arranged  in  the  form  of  an  inverted  W  riveted  on  the  back  of  the 
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Mr.  Nellea  gate.  The  qnoin  and  miter  posts  are  fastened  to  the  sheathing  and  up- 
stream flange  of  the  horizontal  girders  in  snch  a  manner  that  they  all 
act  together. 

TABLE  No.  8. 


(I) 

(») 

(3) 

(4) 

(5) 

(•) 

(T) 

Feet. 

Pounds. 

Poimds. 

Inches. 

Inches. 

Pounds. 

Pounds. 

0.21 

80 

808 

0.07 

0.66 

6  815 

884 

iM 

880 

88  785 

8.10 

0.04 

lOOOC 

898 

6.86 

1810 

88688 

8.808 

1.186 

18686 

470 

0.86 

1670 

46  084 

8.00^ 

1.186 

18686 

490 

18.80 

1885 

48  806 

4888 

1.06 

11068 

4IS 

14.00 

8060 

65  580 

4.086 

0.76 

8457 

818 

16.81 

8880 

68858 

5.807 

0.68 

7104 

868 

17.81 

Top  of 
1480 

sU]. 

18.88 

88664 

Bottom  of 

gate. 

Table  No.  8  shows:  (1)  the  head  of  water  on  the  horizontal  g^irders, 
t.  e.y  the  depth  of  the  girders  below  the  level  of  the  npper  pool;  (2) 
the  load  per  linear  foot  on  each  horizontal  girder,  calculated  on  the 
assumption  that  the  gate  has  no  vertical  rigidity,  and  that  the  pressure 
on  the  sheathing  due  to  the  head  is  transmitted  to  the  nearest  hori- 
zontal girder;  (3)  the  corresponding  maximum  unit  stress  in  the 
horizontal  girders,  on  the  supposition  that  they  carry  all  the  press- 
ure, and  neglecting  the  effect  of  the  thrust  in  the  horizontal  girders; 
(4)  the  calculated  maximum  deflection  corresponding  to  the  maximum 
unit  stress  given  in  Column  3;  (5)  the  actual  measured  deflection  of 
the  horizontal  girders;  (6)  the  calcxdated  maximum  unit  stress  corre- 
sponding to  the  measured  deflection,  neglecting  the  effect  of  the  trust 
in  the  horizontals,  and  assuming  that  the  girders  receive  no  assistance 
from  the  sheathing;  (7)  the  calculated  load  per  linear  foot  corre- 
sponding to  the  deflection  and  unit  stress  given  in  (Columns  5  and  6. 

Under  the  usual  assumptions  and  methods  of  calculating  the  stress 
in  gates  of  this  kind,  it  appears  from  Column  3  that  this  gate  is  abso- 
lutely unsafe,  and  is  strained  beyond  the  elastic  limit,  yet  the 
measured  deflections  and  the  actual  condition  of  the  gate  show  that 
such  is  not  the  case. 

By  assuming  the  sheathing  to  act  with  the  compression  flange  of 
the  horizontal  girders,  and  the  compression  due  to  throst  in  the 
girders  to  offset  the  excessive  tension  in  the  other  flange,  the  cal- 
culated stress  can  be  reduced  to  safe  limits;  but  it  is  not  possible,  by 
any  reasonable  assumption,  to  reduce  the  calculated  stress  to  the 
figures  corresponding  to  the  measured  deflection. 

Potoer  to  Maneuver  Lock  Gaies. — The  resistance  to  be  overcome  in 
maneuvering  lock  gates  is  made  up  of  the  frictional  resistance  of  the 
bearings,  the  wind  pressure  against  the  exposed  surface  of  the  gate. 
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and  the  resistance  due  to  the  dynamic  pressure  of  the  water.  All  of  Mr.  Neilee. 
tliese  resistances  can  be  calculated  with  reasonable  certainty  for  given 
conditions.  Under  conditions  requiring  the  operations  of  the  lock 
gates  while  the  wind  is  blowing  15  miles  or  more  per  hour,  it  is 
usually  found  that  this  is  a  source  of  far  the  greatest  resistance  to 
l3e  overcome,  and  that  machinery  designed  to  overcome  the  resistance 
due  to  wind  pressure  will  be  more  than  sufficient  under  all  ordinary 
circumstances. 

In  the  study  of  the  power  plant  for  the  lift  lock  of  the  Colbert 
Shoals  Canal,  the  writer  found  the  probable  maximum  force  required 
to  maneuver  the  gates  to  be  made  up  as  follows: 

Dynamic  resistance 15  per  cent. 

Wind  resistance  (30  miles  per  hour) 75       ** 

Frictional  resistance 10       *' 

The  actual  power  required  depends  upon  the  method  of  applica- 
tion, the  character  of  the  bearings  and  contact  surfaces,  and  the  time 
allowed  for  the  operation,  and  may  vary  from  that  exerted  by  one 
roan  through  simple  and  inexpensive  appliances  to  40  and  50  H.-P. 
exerted  through  expensive  and  complicated  steam,  hydraulic  or  elec- 
tric motors. 

At  the  Canadian  '^Soo"  Lock,  one  25-H.-P.  electric  motor  is  pro- 
vided for  each  37x  40-ft.  gate  leaf,  and  one  similar  motor  for  each  pair 
of  8  X  8-ft.  butterfly  valves. 

At  the  American  "Soo"  Lock,  a  total  of  150  H.-P.  is  provided  to 
operate  the  hydraulic  motors  for  four  40  x  50-ft.  gate  leaves  and  four 
S  X  10-ft.  culvert  valves. 

At  the  Cascade  Locks,  Ore.,  whore  the  machinery  is  operated  by 
direct  water  pressure,  it  was  found  that  an  actual  expenditure  of  10, 
H.-P.  was  necessary  to  open  one  40  x  50-ft.  leaf  weighing  125  tons, 
and  under  ordinary  circumstances;  and  the  opening  of  the  10  x  10-ft. 
culvert  valves  required  an  expenditure  of  18  H.-P. 

The  gates  at  Lock  '*A"  of  the  Muscle  Shoals  Canal  are  operated 
by  special  hydraulic  engines  of  unusual  form  and  construction.  Li 
these  engines  the  water  pressure  is  appUed  against  the  sides  of  a  small 
Tane  or  fin,  9  x  18  ins.,  fastened  to  the  quoin  post  in  the  extension  of 
the  axis  of  the  gates,  and  working  in  a  fan-shaped  box  arranged  so  as 
-to  allow  the  application  of  the  pressure  on  either  side  of  the  vane. 

The  lower  gates  are  18  x  37  ft.,  and,  when  the  wind  is  not  high, 
can  be  opened  and  closed  in  1 J  minutes  under  70  lbs.  pump  pressure. 
Under  less  favorable  circumstances  a  pressure  of  150  lbs.  is  often  re- 
quired to  start  the  gates.  This  appliance  has  not  proved  perfectly 
satisfactory  on  account  of  the  frequent  breakage  of  the  operating  vane 
or  fin.* 

*  Illustrations,  showing  the  details  of  these  en^^ines,  may  be  found  in  the  Annual 
Beport  of  the  Chief  of  Engineers,  U.  S.  A.,  1890,  sheet  111,  p.  2126. 
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Mr.  Nelies.  Culverts, — The  considerations  bearing  on  the  designs  of  culverts  for 
filling  and  emptying  locks  are  qnite  f  ally  set  forth  in  the  recent  report 
of  the  United  States  Deep  Waterways  Gomn^ission,  and  in  that  report 
reference  is  made  to  the  wide  variation  in  the  coefficient  of  discharge 
through  lock  culverts,  due  to  the  shape  and  design  of  culverts. 

Table  No.  9  shows  some  rather  crude  observations,  made  at  the 
Muscle  Shoals  Canal,  which  are  of  some  interest  and  value  in  this  con- 
nection, and  gives  the  coefficient  of  discharge,  for  both  filling  and 
emptying  locks  of  the  usual  workmanshipr,  through  culverts  designed 
without  special- reference  to  ease  of  flow. 

TABLE  NO.  9. 


a 
M 


1. 
2. 
8. 
4. 
5, 
6 
7, 
8 
9 


t 

OB 

CO 

^. 

1 

1- 

•s 

X*%4 

•*» 

oo 

SI 

» 

*A 

Square  feet. 

Feet. 

18  210 

8.85 

18  216 

7.8 

17  6T2 

11.4 

17«?6 

10.85 

17»74 

11.8 

17  960 

12 

17  980 

11.6 

17  960 

9.8 

18118 

6.8 

09 


S 

s 


§ 
is 


Seconds. 


800 
420 
540 
600 
600 
660 
540 
450 
800 


800 
480 
720 
540 
540 
480 
450 
480 
860 


ca 

t 
I 


t 


Square  feet. 
44.56 
88.72 
40 
40 

44.56 
44.56 
44.66 
44.56 
44.56 


si 

I? 

o 


62.2 

74.9 

68.9 

68.4 

57.6 

52.8 

68.5 

70 

86.8 


O  as 

0B 

O  eo 
O 


6S.2 

66.5 

51.6 

64.9 

64 

T8.5 

76.2 

65.6 

70.7 


The  time  given  in  the  table  begins  with  the  opening  of  the  culvert 
valves  and  ends  when  the  gates  could  be  freely  opened. 

All  of  these  locks,  except  Nos.  2  and  3,  have  two  short  filling  and 
emptying  culverts,  about  4  x  6  f t. ,  built  in  the  gate  abutments  around 
the  gates.  Locks  2  and  3  have  single  6  x  8-ft.  culverts.  The  valves 
in  the  culverts  reduce  the  area  to  that  given  in  the  table. 

Size  and  Capacity  of  the  Locks.  — At  first  sight  it  seems  that  the  locks 
are  of  insufficient  size  (52  x  282  ft.),  to  accommodate  a  large  trs^c, 
but,  by  an  analysis  of  the  conditions  and  methods,  it  can  be  shown 
that,  under  favorable  circumstances,  the  system  will  have  a  sufficient 
capacity  to  handle  between  8  000  000  and  10  000  000  tons  of  coal  down 
stream  per  annum,  in  addition  to  carrying  the  empty  barges  back  and 
taking  care  of  the  probable  inland  commerce.  This  is  more  than  the 
present  coal  traffic  on  the  Mississippi  River,  and  is  probably  more  than 
the  Warrior  system  will  be  called  on  to  carry  for  a  great  many  years, 
and  possibly  more  than  the  North  Alabama  coal  fields  will  be  able  to 
produce. 
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In  conclnBion,  the  writer  wishes  to  disclaim  all  intention  to  criti-  Mr.  Nelles. 
cize  the  improvement  or  designs  described  by  the  author,  bnt  offers 
these  remarks  simply  as  a  discussion  of  the  questions  opened  up  by 
the  paper. 

Ebward  p.  North,  M.  Am.  Soc.  C.  E. — Neglecting  the  technical  Mr.  North. 
portion  of  Mr.  McOalla*s  valuable  and  interesting  paper,  and  turning 
attention  to  the  economic  questions  developed,  occasion  is  taken  to 
reiterate  the  opinion  that  unless  a  waterway  is  improved  in  such  a 
manner  as  to  pass  boats  of  a  burden  at  least  equal  to  that  of  freight 
trains  on  parallel  railroads,  such  an  improvement  will  fail  of  its  full 
economic  service.  In  other  words,  the  improvement  of  a  water- 
course may  be  of  doubtful  value  unless  it  is  on  so  ample  a  scale 
as  to  develop  new  industries  and  sources  of  freight  by  offering  such 
low  rates  for  transportation  that  commodities  otherwise  unsalable 
can  be  produced  and  brought  to  market  with  profit. 

Through  such  a  service  consumers  receive  a  double  benefit  in  the 
reduction  in  price,  due  both  to  increased  supply  and  the  reduction  in 
cost  of  transportation;  much  labor  and  capital  is  profitably  utilized  in 
production  that  would  otherwise  be  idle,  and  railroads  find  their  trafilc 
and  profits  augmented  by  increased  receipts  from  passengers  and 
package  freights.  A  smaller  waterway,  however,  may  be  valuable  in 
reducing  freight  rates  on  competing  railroads,  as  set  forth  in  reference 
to  the  Erie  Canal  by  the  late  Albert  Fink,  Past>President,  Am.  Soc.  C. 
£.  But  any  such  reduction,  advantageous  as  it  may  be  tor.  producers 
tfnd  consumers,  may  be  made  to  the  loss  of  net  income  by  the  railroad, 
xinless  it  is  so  radical  as  to  develop  new  industries. 

The  history  of  the  traffic  through  and  past  the  **  Soo  "  may  be  as 
instructive  as  to  the  value  of  large  channels  for  transportation  as  any 
known.  The  last  report  of  Colonel  G.  J.  Lydecker,  on  **Lake  Com- 
merce Passing  through  Canals  at  Sault  Ste.  Marie,  Michigan  and 
Ontario,  for  1901,"  gives  data  from  which  Table  No.  10  has  been  made. 

TABLE  No.  10.— **Soo"  Traffic. 


Year. 

Tons  of  freight. 

Aggregate  value. 

Value  per  ton. 

1851 

12  600 

88  000 

586  000 

1668  000 

8  889  000 

2S  408  066 

1675  000 

6000  000 

18  000  000 

80  000  000 

128  000  0rj0 

289  916  866 

$188.00 

1881 

i8n 

68.00 
22.00 

1881 

19.00 

18W 

14.60 

1901 

10.21 

That  is,  in  1851,  without  a  canal,  the  produce  of  that  country  could 
not  be  brought  to  market  unless  its  average  value  was  $133.  Fifty 
years  later,  with  a  canal,  an  average  value  of  910.21  brought  more 
than  2  200  times  as  much  freight  to  market. 
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Mr.  North.  It  will  be  remembered  that  the  canal  was  opened  in  1855  with 
double-lift  locks,  having  11^  ft.  on  their  miter-Bills,  bnilt  nnder 
charter  from  the  State  of  Michigan.  In  1881  a  single-lift  lock,  with 
17  ft.  on  its  miter- sills,  was  bnilt  by  the  General  Government.  In  1895 
the  Canadian  look,  with  20  ft.  on  its  miter  sills,  was  opened,  and  in  1896 
another  lock  by  the  United  States  Government,  known  as  the  Poelock, 
was  opened  to  traffic,  with  21  ft.  on  its  miter-sills. 

It  will  be  noticed  immediately  that  up  to  1871  the  canal  was  doing 
an  immense  and  rapidly  increasing  service  to  the  country  by  increasing 
the  commodities  brought  to  market  and  decreasing  the  cost  at  which 
they  could  be  offered  to  consumers.  But  between  1871  and  1881  there 
was  a  marked  slackening  in  the'public  value  of  the  canal,  both  as  to 
quantity  carried  and  reduction  in  value  of  freight,  followed,  after  the 
last- mentioned  date,  by  an  increasing  value  in  its  services.  During  the 
decade  ending  with  1881,  or,  more  exactly,  during  its  last  half,  the 
limiting  depth  of  the  miter-sills  in  the  "State  locks"  prevented 
profitable  competition  with  the  railroads,  and  Lake  commerce  was 
diminishing.  But  opening  the  17- ft.  lock  and  the  concurrent  deepen- 
ing of  the  Lake  channels  has  resulted  in  the  growth  indicated. 

This  relation  between  traffic  and  the  capacity  of  its  channels  is  ably 
discussed  in  the  '  *  Report  of  the  Committee  on  Canals  of  New  York 
State,  1899,"  made  to  Governor,  now  President,  Boosevelt.  Commenc- 
ing on  page  1.96,  it  says : 

'*  In  1875  the  total  tonnage  on  the  lakes  was  nearly  600  000  tons. 
*  *  *  xi^e  traffic,  as  estimated  by  entrances  and  clearances  at  American 
ports,  was  for  that  year  about  15  000  000  tons. 

''This  development  had,  however,  been  secured  without  any  ma- 
terial increase  in  the  size  of  the  vessels  in  use — a  limit  being  placed  on 
size  by  the  depth  of  water  in  the  harbors  and  in  the  channels  connect- 
ing Lake  Erie  and  Lake  Superior  with  Lake  -Huron-Michigan.  By 
1875  the  advance  in  railroad  construction  and  management  had  reached 
a  point  which  enabled  the  railroads  to  compete  with  the  lake  vessels; 
and  when  to  this  was  added  the  railroad  rate  wars  of  the  next  few  years 
there  was  not  only  a  cessation  of  increase  in  lake  commerce,  but  a 
positive  decline  both  in  equipment  and  traffic.  New  construction  of 
vessels,  which  had  reached  as  high  as  73  000  tons  in  1874,  was  only 
7  000  tons  in  1877,  and  averaged  only  13  000  tons  a  year  for  the  five 
years  ending  in  1880.  In  the  latter  year  all  the  vessels  on  the  lakes 
aggregated  only  560  000  tons,  30  000  less  than  five  years  before. 

**  The  beginning  of  the  new  decade  marked  a  significant  revival  in 
lake  commerce,  which  cannot  be  disconnected  from  the  improvements 
in  lake  harbors  and  channels  undertaken  by  the  national  govern- 
ment. The  most  important  work  brought  to  completion  at  this  time 
was  the  opening  of  the  ship  canal  with  an  18-ft.  draft,  which  took  the 
place  of  the  10-f  t.  canal  and  locks  maintained  by  the  State  of  Michigan 
at  Sault  Ste.  Marie." 

Placing  the  depth  at  10  ft.  is  an  unfortunate  misprint.     On  page 

301  of  the  Beport*  of  the  Chief  of  Engineers  for  1881,  we  read: 

**A  depth  of  about  11  ft.  6  ins.  could  be  carried  through  the 
channel  between  Lakes  Superior  and  Huron  when  the  Government 


Papers.]  DISCUSSION   OK  IMPROVEMENT.  OF   RIVERS.  713 

began  its  improTement  in  1870    *    *    *    to  constrnct  a  new  lock  with  Mr.  North, 
a  single  lift  of  18  ft.  and  a  capacity  of  515  x  80  ft.,  for  a  draught  of 
17  ft." 

And  it  adds  that,  np  to  that  time,  the  expenditures  had  only  re- 
sulted in  greater  speed.  In  the  same  report  for  1882,  page  2358,  Major 
Weitzel  says  that  the  conditions  of  the  land  grant,  by  the  aid  of  which 
the  State  of  Michigan  built  the  canal,  called  for  a  depth  of  water  of  12 
ft.,  and  he  states  that  the  canal  had  a  depth  of  12  ft.  at  mean  stage. 

Incidentally,  Major  Weitzel  estimates  a  fair  freight  rate  per  ton- 
mile  on  iron  ore  through  the  State  Canal  as  2.8  mills.  The  average 
freight  rate  on  all  commodities  returned  for  1887  was  2.3  mills,  and, 
with  the  facilities  offered  by  enlarged  channels,  the  average  freight 
rates  have  been  less  than  1  mill,  while  the  freight  on  iron  ore  for  1901 
was  0.78  mill  per  ton -mile. 

Continuing,  the  report,  after  calling  attention  to  the  increase,  both 
of  tonnage  and  in  the  size  of  vessels  built,  on  the  opening  of  the  deeper 
lock,  says: 

**  The  increase  of  shipping  was,  of  course,  but  the  accompaniment 
of  the  increase  of  traffic.  In  1885  the  record  of  entrances  and  clearances 
at  the  United  States  ports  on  the  lakes  showed  a  traffic  of  19  200  000 
tons;  by  1890  this  had  almost  doubled,  reaching  the  figure  37  500  000 
tons,  about  9  000  000  tons  of  which  passed  through  the  St.  Mary's 
Falls  canal.  By  1896  the  total  traffic  was  62  000  000  tons,  and  in  1898 
62  500  000  tons,  18  000  000  tons  passing  through  the  St.  Mary's  Falls 
canal." 

This  is  followed  by  an  estimate  of  60  000  000  tons  as  the  total  freight 
movement  on  the  Lakes  for  1898.  Most  of  the  figures  given  above  are 
reiterated  in  diagrams  and  tables  incorporated  in  the  text  of  the 
report. 

Increasing  a  decaying  traffic  of  15  OOO  000  tons  in  1875  to  62  500  000 
in  1898  is,  as  set  forth  in  the  report  quoted,  so  plainly  the  result  of 
increasing  the  maximum  possible  draft  of  vessels  from  llj  to  17  and 
20  ft.  as  to  cause  doubts  if  those  calling  for  a  10-ft.  navigation  through 
New  York  State  as  improving  its  water  routes  '*to  the  utmost  limit 
of  which  it  is  capable,"  have  ever  seen  the  report  of  the  Committee  on 
Canals,  or  know  that  the  Canadian  Canals,  with  14  ft.  on  their  miter- 
sills,  have  been  unable  to  effect  serviceable  economies  in  transporta- 
tion. 

With  the  increase  of  freightage  through  the  **  Soo,"  the  develop- 
ment of  the  country  directly  tributary  to  and  feeding  this  route  has 
been  marked.  Taking  the  **  Upper  Peninsula  "  of  Michigan,  Wiscon- 
sin, Minnesota  and  the  Dakotas,  the  following  figures  are  from  census 
returns  for  the  years  named: 

1850.  1880.  1900. 

Population 317  013        2  315  477  4  802  585 

Value  of  farms 26  870  511    575  109  958    1  783  498  355 


714  DISCUSSION  ON  IMPROVEMENT  OP  RIVEBa  [Papers. 

Mr.  North.  It  cannot  be  claimed  that  all  of  this  increase  in  population  and 
farm  values  is  due  to  the  cheap  transportation  offered  by  the  Liake 
route,  though  it  will  be  readily  admitted  that  it  has  been  an  important 
factor  in  the  development  of  those  States. 

The  development  of  our  iton  and  steel  industry,  however,  is  uni- 
versally admitted  to  be  dependent  on  this  water  route.  In  1855,  the 
year  the  canal  was  opened,  the  Hon.  A.  S.  Hewitt  made  a  generally 
accepted  estimate  that  the  world's  production  of  pig  iron  was  7  000  000 
tons.  Of  this  amount  the  United  States  contributed  700  159  tons,  or 
10  per  cent.  In  that  year  1  447  tons  of  iron  ore  were  carried  through 
the  Canal.  In  1880,  677  073  tons  of  iron  ore  passed  through  the  lock 
at  the  *  *  Soo  " ;  the  total  production  of  pig  iron  is  estimated  at  17  950  000, 
and  the  United  States  contributed  3  835  191  tons,  or  21.3%  of  the 
total.  For  1900  Mr.  Swank  estimates  the  total  production  at  40  400000 
tons,  of  which  the  United  States  made  13  789  242  tons,  or  34. 1%,  and  that 
season  16  443  568  tons  of  ore  went  down  the  Lakes  through  the  locks 
at  the  *'  Soo."  And  it  seems  reasonable  to  predict  that  if  a  convenient 
waterway  between  Duluth  and  New  York  Harbor,  with  21  ft.  depth, 
could  be  secured,  as  asked  by  the  various  Deep  Waterways  Con- 
ventions, within  ten  years  the  United  States  would  be  making  fully 
50%  of  the  world's  output  of  pig  iron. 

The  service  done  to  this  country,  and  the  world  in  general,  by  the 
decreased  cost  of  iron  due  to  our  large  production,  which  is  made 
possible  by  the  commodious  and  cheap  transportation  through  the 
enlarged  waterways  of  the  Lakes,  does  not  receive  the  full  recognition 
that  is  its  due.  In  1872,  when  for  the  three  preceding  years  our  make 
had  not  averaged  1  700  000  tons,  the  price  of  pig  iron  was  run  up  by 
unfeeling  monopolists,  on  an  increased  demand,  to  $53.88  per  ton  for 
the  month  of  September,  averaging  $48.88  for  the  year.  Again,  during 
the  boom  of  1880,  when  we  made  only  3  835  191  tons  of  pig  iron,  the 
demand  for  steel  rails  exceeded  the  supply,  with  an  official  price  of 
885  in  February  and  an  average  of  $67.50  for  the  year.  This  year, 
with  our  possible,  if  not  probable,  make  of  18  000  000  tons,  and  the 
largest  consumption  of  iron  ever  known,  the  published  price  of  steel 
rails  is  $28,  though  more  is  paid  for  prompt  delivery,  and  the  high 
prices  of  the  past  are  improbable  unless  our  waterways  are  allowed  to 
decay.  There  seems  to  be  no  ground  for  doubting  that  the  improve- 
ment of  the  Lake  channels  has  been  of  great  service  to  the  people  of  this 
United  States  in  particular,  and  the  world  in  general,  by  developing 
industries  and  creating  new  sources  of  supply.  The  only  reason  that 
the  improvement  should  not  be  continued  to  greater  depth  seems  to 
be  that  the  value  of  capital  invested  in  the  boats  now  in  use  would 
be  impaired  by  the  lower  freight  rates  at  which  larger  boats  could  be 
profitably  operated. 

The  value  of  improvements  on  the  Mississippi  River  are  not  so  un- 
mistakable as  those  on  the  Lakes.     This  river  is  badly  handicapped 
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bj  the  fact  that  it  has  the  least  water  in  its  ohannels  during  the  season  Mr.  North. 
of  the  greatest  freight  offerings.  On  the  other  hand,  it  is  nearly  60% 
longer  than  the  aggregate  of  the  routes  from  Chioago  and  Dulnth  to 
Buffalo  and  has  15  000  miles  of  navigable  'tributaries,  most  of  which 
are  shallow  streams.  But  according  to  a  paper*  by  J.  A.  Ockerson, 
M.  Am.  Soc.  C.  £.,  8  ft.  cannot  be  depended  on,  and  there  is  a  recorded 
depth  of  3  ft.  between  8t.  Louis  and  Cairo.  In  high  water,  however, 
cargoes  of  40  000  to  50  000  tons  of  coal  are  taken  in  a  single  tow  from 
Liouisville  to  New  Orleans,  **  a  distance  of  1  400  miles,  at  a  cost  of 
about  10  cents  per  ton. " 

While  Mr.  Ockerson  does  not  deal  with  all  the  traffic  of  the  river, 
lie  gives  a  diagram  showing  the  main  features  of  the  trade  between  St. 
XfOuis  and  New  Orleans  for  the  thirty  years  ending  with  1900,  and  a 
very  valuable  table,  commencing  with  1865.  This  table  shows  that 
for  the  three  years  ending  with  1867  the  river  freight  on  a  bushel  of 
wheat  from  St.  Louis  to  New  Orleans  averaged  29.4  cents;  and  for  the 
three  years  ending  with  1900  the  average  was  4.42  cents.  By  rail, 
from  St.  Louis  to  New  York,  the.  average  freight  charge  for  the  first 
mentioned  period  was  65.4,  and  for  the  last,  12.7  cents.  By  river  the 
fall  has  been  85%,  and  by  rail  it  has  been  80.5  per  cent.  The  per- 
centage of  river  traffic  to  the  whole  grain  traffic  has  varied  from  0.31% 
in  1870,  the  first  year  in  which  it  is  given,  to  a  maximum  of  87.9% 
in  1881  and  for  1900  it  was  6.4  per  cent.  The  percentages  of  wheat 
carried  by  river  have  been  erratic.  The  decline  in  freight  rates  has 
been  fairlv  uniform  for  both  routes. 

These  reductions  in  freight  rates,  of  course,  have  added  materially 
to  the  wealth  of  the  Mississippi  Valley,  and  cheapened  the  merchandise 
carried  to  consumers.  Some  measure  of  this  service  to  the  Mississippi 
Talley  may  be  gathered  from  the  history  of  the  Illinois  Central  Rail- 
road, which  was  consolidated  with  the  Chicago,  St.  Louis  and  New 
Orleans  Railroad  in  1882,  making  a  through  line  from  Chicago  to  New 
Orleans.  In  1888  the  freight  traffic  of  the  road  was  604  632  667  ton- 
miles,  carried  at  1.48  cents.  Since  that  date  the  Ohio  has  been  bridged 
at  Cairo,  with  many  extensions  and  improvements  of  track,  etc.,  show- 
ing well-founded  commercial  confidence  in  the  future  of  the  road  and 
the  country  it  serves.  For  1900  the  freight  traffic  of  the  road  was 
3  425  794  698  ton-mUes,  carried  for  0. 65  cent.  Under  a  decrease  of 
54.5%  in  earnings  per  unit,  the  freight  earnings  increased  from 
$3  463  648  to  $22  280  420. 

Either  the  Mississippi  River,  the  rail  route  between  St.  Louis  and 
New  York,  or  the  Illinois  Central  Railroad,  or  all  of  them,  have 
evidently  been  of  great  value  to  production  in  that  portion  of  the 
-country  they  serve,  and  if  any  damage  has  been  done  to  either  interest 
by  the  lessened  cost  of  transportation,  the  greater  burden  seems  to 
liave  fallen  on  the  River  interest,  which  still  seems  strong  enough  to 

•  Read  before  the  Engineers'  Club  of  St.  Louis,  September  18tb,  1901. 
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Mr.  North,  prevent  any  increase  in  freight  rates,  and  possibly  strong  enough  Uy 
force  a  continued  decline. 

There  are  two  striking  instances  of  insufficiently  improved  water- 
ways, viz.,  the  Erie  Canal  and  the  Tennessee  River.  When  it  was  de- 
cided to  build  the  Erie  Canal,  New  York  was  a  one-horse  town,  inferior  in 
prestige  and  importance  to  either  Charlestown,  Philadelphia  or  Boston. 
Wise  men  at  that  time  thought  New  London  would  be  the  principal  sea- 
port of  the  Union.  From  the  opening  of  the  Erie  Canal,  in  1825,  until 
about  1880,  its  comparatively  low  freight  rates  and  great  volume  of  traffic 
made  it  an  important  factor  in  additions  to  our  wealth,  and  caused  all 
the  railroads  of  the  country  to  center  at  New  York  Harbor.  But  since 
1862  its  channel  has  not  been  enlarged.  For  twenty  years  competing 
freight  trains  have  been  carrying  more  than  fully  loaded  boats.  Though 
there  is  yet  a  slight  reduction  in  grain  rates  when  the  canal  opens,  it  is 
powerless  to  prevent  discriminations  against  the  Fort  of  New  York  and 
the  inhabitants  of  that  city,  and  the  interests  of  the  State  and  country 
are  so  overshadowed  by  the  influence  of  those  who  keep  toll  houses  at 
its  ends  that  no  proposition  to  increase  its  navigable  depth  to  more 
than  10  ft.  seems  to  be  entertained. 

In  the  Tennessee  Biver,  the  great  obstacle  to  navigation  is  at  and 
about  the  Muscle  Shoals,  where  the  river  falls  more  than  100  ft.  Some 
16  miles  of  canal,  with  a  steel  trunk  900  ft.  long  and  having  a  cross- 
section  of  60  X  5  ft.,  and  with  locks  300  x  60  x  5  ft.,  was  opened  on 
November  10th,  1891,  at  a  cost  of  slightly  more  than  ^  000  000.  In 
1900  traffic  had  developed  to  such  an  extent  that  14  881  tons  of  freight 
passed  through  the  canal,  at  a  cost  of  $65  546  for  attendance  and 
maintenance.  This  is  $4.40  per  ton,  and,  at  the  average  railroad  rate 
for  that  year,  would  have  carried  the  freight  nearly  600  miles.  The 
unremunerative  character  of  the  improvement  is  due  to  the  fact  that 
no  boat  which  can  pass  through  the  locks  can  float  machinery  enough  to 
make  it  effective  as  either  a  freight  carrier  or  a  towboat.  The  Tennessee 
is  nearly  as  long  as  the  Ohio,  and  has  the  potentiality  of  nearly  as  great 
wealth. 

Neither  of  these  instances  presents  any  argument  against  improving^ 
waterways.  The  Erie  Canal,  which  once  controlled  the  route  of  freight 
and  the  location  of  weaUh  by  presenting  the  most  ample  and  conve- 
nient channel  for  transportation,  has  fallen  to  its  present  low  estate 
greatly  through  political  and  personal  aspirations.  The  money  ex- 
pended on  the  Tennessee  has  been  wasted,  to  a  great  extent,  and  the 
development  of  wealth  in  its  valley  seriously  retarded  by  men  of  un- 
doubted honesty,  but  possessed  of  inadequate  knowledge  of  the  trans- 
portation problem. 

Mr.  McCalla  does  not  mention  the  tonnage  of  the  boats  that  are 
expected  to  pass  the  locks  on  the  improvement  he  describes,  but  it  is 
possible  that  they  will  accommodate  barges  of  from  1  800  to  2  000  tons, 
or  about  one-half  of  the  probable  competing  train-load.     The  small 


papers.]  DI8CUSSI0K  OK  IMPROVEMENT  OF   RIVERS. 


717 


draft  will  prohibit  diBtribution  along  the  shores  of  the  Gtilf ,  withont  Mr.  North, 
transferring  cargoes,  and,  as  the  locks  will  only  admit  one  boat  at  a 
time,  fleet  towing  will  be  attended  with  considerable  delay  and  ex- 
pense, except  on  the  lower  fourth  of  the  improvement.  It  would 
cheapen  transportation  materially  if  the  three  lower  locks  were 
lengthened  so  that  tows  could  be  made  up  for  Mobile  at  Demopolis. 
As  at  present,  it  is  questionable  if  the  improvement  is  of  sufficient 
capacity  to  develop  new  industries  or  serve  the  country  by  reductions 
in  freight  rates  material  enough  to  cause  noticeable  increase  of  wealth 
in  the  valley  of  the  Warrior  and  Tombigbee  Rivers. 

Improvements  in  the  mechanism  and  methods  of  railroad  transpor- 
tation have  had,  and  will  probably  continue  to  have,  so  marked  an 
influence  on  transportation  by  water  that  reference  is  made  to  the 
l>eneficence  of  our  railroad  development,  a  great  deal  of  which  has 
l>een  forced  on  their  managers  by  the  competition  of  our  free  water- 
-ways,  and  most  of  which  would  have  been  impossible  without  the 
increased  production  and  consumption  due  to  the  low  transportation 
charges  found  profitable  by  both  water  routes  and  railroads. 

In  1882  the  editor  of  ''Poor's  Manual  '*  succeeded  for  the  first  time 
in  obtaining  the  ton-mileage  and  rates  on  all  of  our  railroads.  The 
figures  for  the  two  extreme  dates  available  are: 


Ton-mileage, 

United  States 

Railroads. 

1882 39  302  209  249 

1900 141  162  109  413 


Rate  per 
ton-mile. 

1.236  cents. 
0.746  cent. 


This  is  an  increase  of  259%  in  service,  with  a  decrease  of  39.65% 
in  compensation  per  unit.  This  is  not  as  good  a  showing  as  is  made 
by  the  Lake  traffic,  but,  considering  the  volume  moved,  it  is  probably 
more  efficient  in  wealth  production. 

A  comparison  of  our  results  with  those  attained  in  the  United 
Kingdom  of  Great  Britain  and  Ireland  is  rendered  difficult  by  the 
fact  that  the  English  do  not  return  ton-mUeage,  but,  as  there  is 
neither  a  free  internal  water  route,  a  free  harbor,  nor  any  long  canal 
of  even  the  capacity  of  the  Erie  Canal  in  that  country,  a  comparison  is 
made  in  Table  No.  11  on  the  basis  of  tons  shipped. 

TABLE  No.  11. — Freight  Shipments. 
Railways  op  thb  United  Kjnooom. 


Freiffht  re- 
ceipts. 


1882. 
1000. 


£37  704  815 
5S  470  664 


Tons 
shipped. 


266  216  888 
424  089  618 


Receipts  per 
ton. 


86.82  pence 
81.20       " 


Railroads  of  thb  United  States. 

1882 

$485  778  881 
1  062  885  811 

860  490  876 
1  071  481  919 

$1,848 

1800 

0.988 
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Mr.  North.  It  is  seen  that,  while  the  British  managers  have  increased  the  tons 
shipped  by  approximately  66%  and  decreased  the  compensation  by 
12^,  onr  managers  have  increased  the  tons  shipped  by  170^^  and 
decreased  the  charges  per  ton  shipped  by  27  per  (5ent.  One  result  of 
the  more  liberal  policy  in  this  country  is  shown  in  the  following: 

Tons  Shipped  per  Capita. 

Year. 

United  Kingdom 1882 

United  States ; 1882 

That  is  to  say,  in  1882  the  inhabitants  of  the  United  Kingdom 
shipped  6A%  more  tons  per  capita  than  we,  and  in  1900  we  shipped 
37%'  more  than  they.  Concurrently,  the  recognized  value  of  our  rail- 
road securities  as  investments  is  changing  places  with  those  of  the 
British.  The  comparison  is  not  entirely  satisfactory,  as  it  is  generally 
understood  that  for  more  than  fifty  years  there  has  been  no  substantial 
reduction  in  British  freight  rates;  J.  S.  Jeans  saying,  in  his  *' Railway 
Problems,"  that  any  apparent  reduction  in  English  rates  is  due  to 
shortened  haul;  but  in  this  country  the  average  haul  has  been  increased 
by  about  20  per  cent. 

Speaking  of  our  reductions  in  freight  rates,  the  learned  author 
savs: 

*'  This  colossal  concession  to  the  trade  and  industry  of  America  has 
both  immediate  and  far  reaching  consequences.  Its  more  immediate 
effects  have  been  to  enable  the  remotest  cattle-breeder  and  wheat- 
grower  in  the  United  States  to  obtain  access  to  other  markets  than  hia 
own,  and  thereby  to  enter  into  the  world's  competition  for  the  supply 
of  the  world's  markets.  Its  ultimate  results  are  to  be  witnessed  in  the 
extraordinary  cheapness  of  the  bread-stuffs  furnished  to  England  by  the 
United  States,  and,  as  a  necessary  consequence  thereof,  by  other 
countries;  in  the  singularly  severe  and  protracted  depression  of 
British  agriculture;  and  in  the  complete  discomfiture  of  many 
interests  that  were  fairly  strong  and  capable  of  holding  their  own 
until  this  fiscal  monster  came  to  the  front. " 

There  was  for  some  years  a  remarkable  parallelism  between  the 
capital  put  into  American  railroads  and  the  decrease  in  the  value  of 
English  farm  lands.  How  far  the  early  adoption  of  our  traffic  and 
fiscal  policies  by  the  British  would  have  averted  **  the  complete 
discomfiture  of  many  interests  that  were  fairly  strong,  etc.,"  until 
confronted  by  a  superior  intelligence,  will  never  be  known,  but  the 
complete  discomfiture  of  large  interests,  through  a  narrow-minded  and 
obstructive  grasping  for  large  gains,  does  not,  on  the  whole,  make 
for  the  general  welfare,  however  just  it  may  be  for  the  obstructionists. 

The  effect  of  a  capacious  waterway  on  near-by  railroads  may  be 
seen  by  comparing  the  route  through  the  "Soo  "  with  the  Chicago 
and  Northwestern,  and  the  Chicago,  Milwaukee  and  St.  Paul  Rail- 
roads. 
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Mr.  North.  In  1901  the  tonnage  through  the  **Soo"  was  eighteen  times  that 
of  1881,  and  the  average  value  per  ton  was  between  63  and  54%  of  the 
value  in  1881.  No  definite  return  of  freights  paid  is  known  until 
1887;  then  the  average  freight  rate  was  2.13  mills  per  ton-mile,  and  in 
1901  the  rate  was  0.99  mill.  The  two  railroads  named,  in  a  part  of 
their  lengths,  compete  with  the  **Soo"  route,  but  through  a  large 
area  they  feed  it  and  are  fed  by  it.  Commencing  with  1882,  the 
services  they  performed  and  the  rates  charged  are  given  in  Table 
No.  12. 

TABLE  No.  12. 

For  1882. 


C,  M.  &  St.  P.  R.  R 945  850 159  ton-miles  at  1.48  cents. 

C.  &N.  W.  R.  R 1198188  089       "  "  1.47     " 


2  187  488  198       "  "  1.475 


Fob  1900. 


C,  M.  &  St.  P.  R.  R 8  «57  456  684  ton-mUes  at  0.98  cent. 

C.&N.  W.R.R 8849867760       "  *' 0.88      •• 


7  206  824  844       ''  ''  0.878 


Here  the  decrease  in  freight  rates,  though  noticeable,  is  not  as  great 
as  on  the  Lakes,  nor  is  the  increase  in  traffic  as  large.  The  increase  in 
ton-mileage  has  not  been  quite  up  to  the  ratio  of  the  whole  country^ 
and  the  rate  charged  has  fallen  a  little  faster  than  that  ratio. 

The  effect  of  an  average  decline  of  40%,  in  the  charges  made  to  the 
inhabitants  of  their  territory  for  services  rendered,  on  the  value  of  the 
two  roads,  as  shown  by  the  market  prices  of  their  stocks  on  July  1st 
of  the  two  years  is  shown  in  Table  No  13. 

It  does  not  seem  reasonable  to  claim  the  cheap  transportation 
offered  by  the  improved  Lake  route  as  the  sole  factor  in  the  increased 
population  and  farm  values  in  the  States  tributary  to  that  route,  nor 
can  it  be  contended  that  the  doubling  of  the  value  of  these  two  great 
railroads  would  have  been  possible  without  the  contributions  to  the 
wealth  of  the  country  made  by  the  low  freight  rates  on  the  Lakes. 
Both  channels  of  distribution  seem  to  have  been  mutually  helpful. 

The  relations  between  the  freight  traffic,  the  receipts  per  unit,  and 
the  aggregate  receipts,  on  the  two  roads  mentioned  and  through  the 
'*  Soo  "  are  shown  on  the  diagrams.  Figs.  32,  33  and  34. 

Attention  should  be  called  to  the  fact  that,  while  the  average  haul 
on  the  railroads  is  about  160  miles,  by  the  *•  Soo  "  it  is  more  than  800 
miles. 
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TABLE  No.  13. — Value  of  Stocks  on  the  C,  M.  &  St.  P.  and  the  Mr. North. 

C.    &  N.    W.    RAIIiROABS  ON  JuiiT   IST,    1882  AND   1900. 

July  Ibt,  18H&. 


Cf  M.  &  St.  p.  R.  R 


C.  &N.  W.  R.R.. 


•   •••■••ai 


^  904  861  Common,  at  112  . 
16  447  488  Preferred,  at  127g. 

15  075  024  Common,    at  1 3U . 
22  16S  119  Preferred,  at  146  . 


816  006  Shares,   at  126.60 


$81  252  7721 
20  989  702 


$19  H13  400 
82  848  654 


$52  242  474 


62166  964 


$104  899  428 


July  1st,  1900. 


0>i  JI.  &  St.  p.  R.  R. 

$47  146  600  Common,    at  IH  

40  464  900  Preferred,  at  171i 

$52  832  726 

69  279  016 

$121  611 742 
lOB  ISS  0B4 

x.>.  gC  M,  W .  K.  Cl. ...••.......•.. 

89  114  281  Common,   at  1591 

22  895 160  Preferred,  at  196 

1  491 109  Shares,  at  152.06 

$62  240  520 
42  894  614 

$226  746776 

As  long  as  all  charges  for  transportation  mnst  be  taken  in  some  ratio 
from  the  resources  of  both  producer  and  consumer,  and  high  freight 
rates  are  as  inimical  to  the  prosperity  of  a  country  as  low  rates  of 
-wages,  the  claim  made  by  many  railroad  managers  that  reductions  in 
freight  charges  are  a  gift  to  the  public  will  be  true,  but  it  seems 
in  the  instances  cited  to  be  fully  as  much  a  gift  to  the  railroads 
as  to  the  community.  On  the  other  hand,  the  assertion  sometimes 
made,  that  a  reduction  of  rates  will  take  a  specified  sum  out 
of  the  pockets  of  the  railroad  making  such  reduction,  seems  as 
'fallacious  as  figuring  our  ton-mileage  at  what  Mullhall  said  was 
the  English  rate,  2.8  cents  per  ton-mile,  and  claiming  the 
$4  000  000  000  difference  between  rates  as  a  loss  to  American  railroads. 

S.  Whinbbt,  M.  Am.  Soc.  C.  E. — There  are  one  or  two  points  to  Mr.  Whinery. 
which  the  speaker  wishes  to  call  attention.  In  all  these  projects  for 
improving  waterways  for  navigation,  the  question  of  the  quantity  of 
business  to  be  accommodated  must  be  carefully  considered.  It  is  not 
sufficient  to  assert  that  the  territory  penetrated  is  capable  of  affording 
a  large  business  by  the  development  of  its  natural  resources;  there 
must  be  a  demand  for  these  products  along  the  route  or  at  its  terminals. 
The  great  deposits  of  coal  that  are  tapped  by  the  headwaters  of  the 
Warrior  and  Tombigbee  Rivers  will  undoubtedly  all  be  mined  in  the 
future  and  will  find  a  market.  It  is  not  at  all  clear  to  the  speaker  that 
this  market  will  be  found  at  the  City  of  Mobile,  or  at  any  other  points 
that  can  be  served  by  river  transportation  better  than  by  rail  transpor- 
tation. 
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Mr.  Whinery.  According  to  the  census  of  1900,  Mobile  had  a  population  of  a  little 
less  than  38  500.  In  1890  the  population  was  slightly  greater  than 
31  000.  There  is  no  reason  to  believe  that,  in  the  future,  it  will  become 
a  very  large  city,  and  still  less  reason  to  expect  that  it  will  become  a 
great  manufacturing  center.  The  local  consumption  of  coal,  therefore, 
is  quite  certain  to  be  comparatively  small. 

To  what  extent  coal  may  be  exported  from  this  country  is  yet  prob- 
lematic, and  even  if  the  export  business  should  become  very  large  it  is 
not  at  all  certain  that  Mobile  would  secure  a  very  large  share  of  that 
business.  The  city  is  at  the  head  of  Mobile  Bay,  some  thirty  miles 
from  the  open  Gulf,  and  it  is  reached  through  a  long  stretch  of  arti- 
ficial channel  which  will,  doubtless,  require  the  expenditure  of  large 
sums  of  money  for  maintenance,  and  which,  at  best,  is  somewhat  diffi- 
cult of  navigation. 

The  construction  and  maintenance  at  Mobile  of  a  harbor  of  sufficient 
capacity  to  accommodate  a  very  large  export  business  will  involve  a 
further  very  large  expense. 

The  distance  to  European  ports  is  notably  greater  than  from  Nor- 
folk and  other  points  on  the  Atlantic  seaboard  where  coal  is  available 
for  export.  On  the  other  hand.  Mobile  is  much  nearer  to  Mexican, 
West  Indian  and  South  American  ports  depending  for  their  coal  supply 
largely  upon  importation. 

There  are  no  large  cities  in  the  region  that  would  probably  be  sup- 
plied with  coal  through  Mobile,  as  New  Orleans  will  probably  continue 
to  get  the  bulk  of  its  supply  by  the  Ohio  and  the  Mississippi  Elivers, 
and  GAlveston  could  probably  be  supplied  more  economically  by  rail. 
Therefore,  there'  is  no  assurance  of  a  market  at  Mobile  that  would 
justify  the  very  large  expenditures  of  money  required  to  make  a  satis- 
factory water  route  between  the  Warrior  coal  field  and  that  city.  Nor 
is  it  likely  that  any  great  points  of  coal  consumption  will  be  developed 
in  the  intermediate  territory  along  the  river.  It  is  tacitly  admitted  by 
the  author  that  the  commerce  of  the  region,  other  than  relates  to  coal, 
could  probably  be  taken  care  of  at  least  as  cheaply  by  rail  as  by  river. 
In  any  event,  it  seems  safe  to  assert  that,  whatever  may  develop  in  the 
future,  there  exists  no  commercial  justification  for  these  expensive 
improvements  at  this  time.  Even  if  it  were  certain  that  Mobile  would 
supply  an  adequate  market  for  the  products  along  the  route,  it  may  be 
questioned  whether,  when  all  things  are  considered,  the  commercial 
business  of  the  region  served  could  be  more  economically  transported 
to  that  market  by  water  than  by  rail.  Excluding  the  one  item  of  coal, 
experience  seems  to  indicate  conclusively  that  in  the  great  region  of 
the  Mississippi  Valley  river  transportation  cannot  compete  success- 
fully with  rail  transportation.  The  history  of  the  rise,  the  splendid 
achievemcDt,  and  the  decadence,  in  the  face  of  rail  competition,  of 
water  transportation  on  the  Mississippi  Biver  and  its  tributaries  has 
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never  been  adequately  written.  Snch  a  history  would  be  as  interesting  Mr.  wtUnery. 
as  a  fairy  tale,  and  it  would  teach  lessons  that  have  an  important  bear- 
ing on  present  transportation  problems.  There  are  plenty  of  men  yet 
living  who  saw  these  rivers  literally  alive  with  commerce.  They  can 
recall  the  time  when  the  Ohio  and  the  Mississippi  Rivers  carried  great 
fleets  of  vessels  of  all  kinds,  from  the  rude  flatboat  to  the  gorgeous 
floating  palace,  all  loaded  down  with  the  commerce  of  the  productive 
and  prosperous  region  through  which  they  flow.  The  ship-yards  along 
tlieir  banks  were  busy  with  the  construction  of  new  vessels.  But  this 
magnificent  river  commerce  has  declined  until  it  may  be  said  to  have 
practically  disappeared,  although  the  actual  commerce  of  the  region 
lias  grown  to  many  times  its  volume  in  the  days  when  river  transporta- 
tion was  in  its  prime.  The  railroad  has  taken  the  place  of  the  steam- 
boat. There  must  be  sufficient  reason,  or  reasons,  for  this  great  change. 
Commerce,  in  attaining  its  end,  seeks  the  lines  of  least  resistance. 
The  decadence  of  this  river  transportation  must  be  accepted  as  proof 
that,  all  things  considered,  the  steamboat  could  not  compete  success- 
fully with  the  railroad. 

Analogies  drawn  from  the  wonderful  expansion  and  success  of  water 
transportation  on  the  Great  Lakes,  are,  in  the  opinion  of  the  writer, 
totally  inapplicable  to  ordinary  river  transportation.  The  conditions 
are  entirely  different.  The  Great  Lakes  lie  mostly  between  parallels 
of  latitude  which  also  embrace  the  most  wonderful  development  of 
liuman  activity  and  commercial  enterprise  that  the  world  has  ever 
witnessed.  Between  the  parallels  of  40^  and  45^  north  lie  a  chain  of 
gpreat  cities  the  like  of  which,  in  their  number,  in  their  rapid  growth, 
in  their  present  population,  and  in  their  commercial  importance,  can 
be  found  nowhere  else  in  the  world.  The  commerce  of  all  this  region 
is  more  or  less  tributary  to  transportation  on  the  Great  Lakes.  Around 
their  western  end  lies  the  great  grain-producing  region  of  the  United 
States  and  Canada,  and  the  course  of  this  grain  to  its  market  is  par- 
allel with  their  length.  Along  their  course  and  toward  their  westerly 
end  are  situated  the  most  wonderful .  iron  and  copper  mines  yet  devel- 
oped on  the  Continent.  At  their  eastern  end  is  found  the  most  exten- 
sive and  valuable  coal  region  developed  in  the  Western  Hemisphere. 
Within  the  zone  and  in  the  prolongation  eastwardly  of  the  general  axis 
of  the  Lakes  is  the  commercial  metropolis  of  North  America.  The 
region  tributary  to  them  abounds  in  every  element  necessary  to  stimu- 
late agriculture,  manufactures  and  commerce.  The  minerals  from  the 
the  West  and  the  coal  from  the  East  must  be  brought  together.  These 
lakes,  with  their  connecting  rivers,  aided  by  comparatively  inexpensive 
improvements,  barring  the  ice  of  winter,  present  almost  ideal  condi- 
tions for  inland  water  transportation. 

For  these  reasons,  lessons  drawn  from  the  results  of  channel  im- 
provement on  the  Great  Lakes  must  be  applied  with  the  greatest  can- 
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Mr.  Whlnwy.  tion  to  the  problems  of  im proving  onr  river  systems.  Does  any  one 
believe  that  if  the  Mississippi  and  the  Ohio  Rivers,  betireen  Pittsburg, 
St.  Lonis  and  New  Orleans,  had  navigable  channels  that  would 
accommodate  the  present  vessels  on  the  Lakes,  their  commerce  could 
ever  approach,  much  less  equal,  that  of  the  Great  Lakes? 

It  is  not  to  be  overlooked  that  these  rivers  possess  now,  and  always 
have  possessed,  during  as  many  months  in  the  year  as  the  Lakes  are 
open  for  navigation,  a  capacity  for  navigation  sufficient  to  accommo- 
date a  much  greater  commerce  than  they  ever  carried  even  in  the 
palmiest  days  of  river  transportation.  The  decadence  of  their  com- 
merce, therefore,  must  be  sought  in  causes  other  than  their  lack  of 
navigable  capacity,  and  he  would  be  a  bold  prophet  who  would  pre- 
dict that  their  former  supremacy  could  be  restored  by  any  amount  of 
channel  improvement. 

If  Congress  could  be  brought  to  consider  the  question  of  river  and 
harbor  improvements  from  the  cool  and  deliberate  point  of  view  of 
the  practical  business  man,  there  would  be  a  revolution  in  the  charac- 
ter of  our  Biver  and  Harbor  bills.  How  many  members  of  that  body, 
who  urge  and  vote  appropriations  for  many  government  improvement 
works,  could  be  induced,  were  they  as  rich  as  Croesus,  to  invest  cap- 
ital in  the  same  projects,  as  private  commercial  enterprises,  even  if 
they  could  control  and  reap  all  the  profits  both  actual  and  contingent? 
What  sane  business  corporation,  for  instance,  if  it  owned  all  the 
territory  in  Kentucky  and  Tennessee  tributary  to  the  Cumberland 
River,  would  think  it  wise  business  policy  to  enter  upon  a  project  to 
improve  that  river  at  a  cost  of  many  millions  of  dollars?  The  Gov- 
ernment is  now  engaged  upon  such  a  project,  involving,  if  the 
speaker's  memory  is  correct,  no  less  than  twenty-two  locks  and  dams 
between  the  head  of  navigation  and  Nashville.  It  is  safe  to  assert 
that  a  fair  interest  on  the  cost  of  this  project,  when  completed,  would 
be  more  than  sufficient  to  pay  the  whole  of  the  transportation  charges 
by  rail  on  all  the  business  that  the  improved  river  would  ever  at- 
tract. 

Applying  the  same  line  of  thought  to  the  improvements  in  prog- 
ress and  contemplated  on  the  Mobile  River  and  its  tributaries,  it  may 
well  be  questioned  whether  they  will  ever  yield  returns  sufficient  to 
justify  their  construction.  Considering  all  the  conditions,  it  is  an 
open  question  whether,  if  the  coal  deposits  penetrated  were  all  owned 
by  a  giant  corporation  and  Mobile  was  the  chief  market  for  the  coal,  it 
would  be  found  more  economical  to  make  use  of  the  improved  water 
route,  rather  than  of  the  railroads,  for  supplying  that  market.  Time 
does  not  permit  the  discussion  of  this  question  in  detail,  though  some 
of  the  facts  have  been  referred  to  bv  others  in  the  discussion  of  this 
paper. 

Mr.  Rafter.       Geobge  W.  Raftkb,  M.  Am.  Soc.  C.  £.  (by  letter). — To  a  student 
of  hydrology  nothing  can  be  more  interesting  in  Mr.  McCalla's  paper 
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than  his  reference  to  the  floods  in  the  Black  Warrior  River.  The  Mr.  Rafter, 
writer  remembers,  ivhen  living  at  Tuscaloosa,  fifteen  years  ago,  view* 
ing  with  amazement  the  high- water  mark  on  the  piers  of  the  bridge 
crossing  the  Warrior  Biver  at  that  place.  It  indicated  that  when  in 
flood  flow  the  stream  spread  over  the  valley,  as  Mr.  McCalla  states, 
for  miles  in  width,  and,  for  the  time  being,  the  Wairior  Biver  was,  in 
effect,  another  Mississippi 

The  flood  flows  ot  this  stream  are  undoubtedly  very  large,  and  their 
possible  effect  upon  the  river  improvements  is  interesting  matter  for 
discussion. 

The  catchment  area  of  the  river  at  Tuscaloosa  is  given  at  4  900  sq. 
miles,  and  the  maximum  discharge  at  38.8  cu.  ft.  per  square  mile  per 
second,  thus  indicating  a  total  flooji  flow  of  about  190  000  cu.  ft.  per 
second.  The  minimum  flow,  on  the  contrary,  of  150  cu.  ft.  per  second, 
shows  only  about  0.03  cu.  ft.  per  square  mile  per  second,  or  the  mini- 
mum flow  may  be  taken  at  about  -nAr?  of  the  maximum. 

The  annual  rainfall  producing  these  flows  is,  as  an  average  for  ten 
years,  from  1891-1900,  inclusive,  48.59  ins.  In  Table  No.  14  the 
writer  has  compiled  the  rainfall  at  Tuscaloosa  for  the  storage  period 
— December  to  May,  inclusive —  for  the  ten  years,  1891-1900. 

TaBI«eNo.  14. — RaINFAIiL  AT  TuSCAIiOOSA,  AliABAMA,    FOB   THE   StOBAOE 

Period,  1891-1900,  Inclusive. 


Year. 


Annual. 


(1) 

1801 

I8(tt 

1806 

18M , 

1896. 

1806.  

1807 

1806. 

1800. 

19C0. 

Mean.. 


56.58 
fiS.06 
50.00 
48.51 
51.04 
40.09 
41.46 
48.65 
50.16 


48.00 


(3) 

6.09* 

4.88 

4.43 

4.89 

6.07 

5.74 

1.11 

8.08 

8.48 

7.88 


5.00 


Jan. 

Feb. 

Mar. 

(*) 

(5) 

(«) 

8.48 

10.28 

0.88 

6.88 

2.50 

5.40 

8.08 

8.27 

4.41 

8.57 

4.78 

5.18 

7.42 

2.24 

7.80 

4.11 

4.11 

5.10 

4.48 

4.88 

5.68 

6.65 

1.46 

4.01 

8.14 

8.06 

7.68 

8.58 

5.54 

6.08 

6.18 

4.70 

6.11 

1.70 
3.16 
2.61 
4.46 
2.77 
4.74 
4.07 
8.78 
2.60 
15.67 


4.65 


May. 


'   Total  of 
,     Period. 


(8) 

1.72 
2.08 
7.10 
0.60 
4.81 
8.50 
2.71 
0.10 
2.22 
1.48 


(9) 

36.60 
26.74 

27.02 
80.51 
27.41 
22.78 
85.02 
27.08 
40.18 


2.78    I 


*  Mean  of  nine  years. 

The  figures  in  Table  No.  14  show  that  the  total  of  the  storage  period 
varied  during  these  years  from  22.78  ins.,  in  1897,  to  40.18  ins.,  in  1900. 
Although  the  total  in  1900  was  the  largest  of  any  during  the  period,  it 
does  not  follow  that  the  heaviest  floods  would  necessarily  take  place 
in  that  year.  Flood  flows  are  dependent  on  other  conditions  than 
depth  of  rainfall,  that  is  to  say,  their  intensity  will  very  largely  de- 
pend upon  whether  or  not  the  ground -water  is  high  or  low  at  the  time 
of  the  occurreDce  of  a  heavy  rainfall.     If  the  ground  is  full  of  water  at 
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Mr.  Rafter,  such  a  time,  a  given  rainfall  will  produce  a  much  heavier  flood  than  if 
the  ground-water  is  low. 

Moreover,  with  other  conditions  the  same,  a  given  rainfall  will  produce 
a  larger  flood  during  the  storage  period  than  during  either  the  grow- 
ing or  replenishing  period.  Taking  the  average  of  the  United  States, 
during  the  storage  period,  from  60  to  80%'  of  the  rainfall  runs  oflF;  dur- 
ing the  growing  period,  ordinarily  only  10  to  15%'  runs  oflf;  while 
during  the  replenishing  period,  20  to  40%  runs  off.  These  figures  are 
very  general,  and  may  be  departed  from  somewhat  in  special  cases,  but 
they  serve  to  illustrate  why  extreme  floods  are  more  common  in  the 
storage  period  than  at  any  other  time. 

The  writer  has  defined  the  storage,  growing  and  replenishing  periods 
so  fk^quently  in  his  writings  on  hydrology  that  he  assumes  that  they 
are  understood  by  everybody,  and  hence  does  not  repeat  the  matter 
here. 

The  specific  application  to  be  made  of  these  flood  data  is  that,  with 
a  sand  and  clay  bottom,  a  very  slight  change  in  the  regimen  of  the 
stream  is  likely  to  lead  to  extensive  erosion,  thus  endangering  the 
foundations  of  structures.  Undoubtedly,  this  point  has  been  at- 
tended to,  and  the  writer  merely  mentions  it  as  interesting  in  connec- 
tion with  the  work  on  the  Warrior  svstem. 

Mr.  McCalla's  paper  is  an  exceedingly  valuable  one,  and  states  in  a 
forcible  manner  many  of  the  important  questions  to  be  considered  in  the 
canalization  of  a  river.  One  of  the  sections  of  dam  proposed  to  be 
used,  shown  by  Fig.  7,  is  a  very  satisfactory  type,  where  an  engineer 
builds  timber  dams.  Other  types  of  dams  are  shown  by  Figs.  17  and 
18,  but  whether  these  will  not  at  some  time  yield  during  an  extreme 
flood  flow  can  only  be  determined  by  experience.  The  writer  cannot 
but  think  that  Portland  cement  concrete  would  give  more  satisfactory 
results  and  prove  quite  as  economical  when  the  total  cost  for  a  term  of 
years  is  considered ;  but  as  this  phase  of  the  question  has  been  ably 
discussed  by  others,  the  writer  merely  refers  to  it  at  this  time. 

By  way  of  showing  how  important  it  is  that  work  be  of  the  very 
best  description,  the  foUow^ing  experience  on  the  Erie  Canal  is  perti- 
nent: A  few  weeks  ago,  a  break,  involving  two  weeks'  cessation  of  nav- 
igation, occurred  at  a  culvert  built  in  1840.  For  sixty-two  years  this 
culvert  has  gone  on  doing  its  work,  without,  if  the  writer  has  been 
correctly  informed,  any  repairs  during  the  period,  but  suddenly,  with- 
out warning,  it  gave  way,  and  the  masonry  work  of  sixty-two  years 
ago  was  laid  bare.  It  appears  that  a  bench-wall  was  built  without  any 
pretense  of  backing,  with  merely  a  veneering  of  thin  face- stones,  and 
how  the  culvert  stood  at  all — why,  in  short,  it  did  not  go  out  when 
water  was  first  let  into  the  canal — is  a  mystery. 

Mr.  Belzner.        Theodoke  Belzneb,  Jun.   Am.  Soc.   C.   E.   (by  letter). — Notes  on 
Sheet-Piling. — Regarding  the  sheet-piles  that  were  used  at  Lock  and 
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Dam  No.  4,  Warrior  River,  which  formed  the  inner  and  outer  wall,  Mr.  Belzner. 
the  writer  believes  that  if  a  3  x  12-in.  pile  had  been  nsed,  made  np  of 
three  pieces  the  fnll  length  of  the  pile,  instead  of  being  spliced,  that 
the  results  would  have  been  better. 

The  sheet- piles  as  first  ordered  at  Lock  and  Dam  No.  4  were  made 
up  as  follows:  One  piece  dressed,  2  x  12  ins.  and  24  ft.  long,  and  two  pieces 
undressed,  2x  12  ins.  and  24  ft.  long.  The  undressed  pieces  were  spliced, 
the  length  of  the  pieces  being  about  18  ft.  and  6  ft. ;  one  piece  being 
spliced  at  one  end  of  the  pile  and  the  other  piece  at  the  other  end. 

The  material  for  the  pile  was  any  variety  of  pine.  Wire  nails 
(6j-in.)  were  driven  through  from  1  in.  to  18  ins.  apart,  staggered,  and 
clinched.  Three  nails  in  a  row  were  driven  at  the  top  and  bottom  of 
the  pile  and  also  at  the  splice  joints. 

The  piles  were  driven  with  a  2  500-lb.  drop-hammer  in  combination 
with  a  water-jet,  the  jet  being  kept  at  the  point  of  the  pile  all  the  way 
down.  The  fall  of  -the  hammer  was  usually  5  ft.,  but  at  times  it  was 
necessary  to  increase  the  fall  on  account  of  obstructions  and  hard 
driving. 

The  pile  drove  easily  through  soft  material,  such  as  soil  and  fine 
sand,  and  the  method  seems  to  have  been  efBcient  where  the  pile  was 
to  be  driven  through  a  uniform  stratum,  free  from  logs  and  other 
obstructions,  but  under  the  conditions  at  Lock  and  Dam  No.  4  these 
piles  are  not  efficient. 

They  have  not  sufficient  thickness  to  prevent  a  tendency  to  buckle 
when  driven  hard.  The  splice,  also,  lessens  the  resistance  to  buckling; 
therefore  piles  made  up  of  three  pieces,  3  x  12  ins.,  the  full  length  of 
the  pile,  would  give  more  satisfactory  results,  and  also  reduce  the  per- 
colation considerably. 

Driving. — The  writer  believes  that  it  was  not  the  purpose  of  the 
designer  to  drive  the  pile,  but  to  jet  it  into  place,  short  blows  being 
used  to  make  the  pile  sink  over  the  jet,  but  the  jet  would  often  strike 
a  log  or  some  other  obstruction  and  the  pile  could  not  be  made  to 
^o  down  by  this  method.  In  such  cases  the  pile  was  driven  through, 
or  often  past,  the  obstruction.  A  deflection  of  the  point  was  the 
result,  accompanied  by  a  bending  of  the  pile  in  the  leads  above  ground. 
Here  was  shown  the  disadvantage  of  the  splice,  and  also  of  the  pile 
being  of  small  section.  The  pile  often  had  to  be  bent  in  the  leads,  in 
order  that  driving  might  continue,  without  breaking  the  pile.  A 
stiffer  pile  might  have  forced  the  obstruction  from  its  way  or  might 
liave  been  driven  through  it. 
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By  Messrs.  S.  Whinery,  Nelson  P.  Lewis,  S.  C.  Thompson  and 

J.  M.  Evans. 


Mr..Whineo'.  fcJ.  Whixery,  M.  Am.  Soc.  C.  E. — The  question  of  the  wisdom  of 
requiring  a  long-time  guaranty  on  public  work,  and  particularly  on 
street  pavements,  has  not  received  the  attention  its  importance  war- 
rants. Whether  such  guaranties,  on  the  whole,  are  beneficial  to  the 
interests  of  a  city,  or  otherwise,  certainly  admits  of  arguments  on  both 
sides.  The  arguments  on  the  negative  side,  apparently,  have  not  been 
worked  out  carefully  or  pursued  to  ultimate  consequences  or  conclu- 
sions. 

The  speaker  does  not  include  in  this  discussion  those  short-period 
guaranties  to  the  effect  that  any  defective  materials  or  workmanship 
appearing  within  a  period  of  six  months  or  one  year  shall  be  made 
good  by  the  contractor,  nor  to  those  which  require  that  machinery  or 
plant  shall  accomplish  certain  stipulated  results.  There  can  be  no 
question  about  the  propriety  and  the  advantage  of  such  guaranties. 
Nor  is  it  intended  to  discuss  that  class  of  guaranties  which  require 
that  work  constructed  with  comparatively  unknown  materials  or  per- 
formed by  unusual  methods  shall  fulfill  the  requirements  stipulated. 
Without  attempting  at  this  time  to  enter  upon  a  full  discussion  of  the 
wisdom  of  requiring  long-period  guaranties  upon  street  pavements, 
reference  may  be  made  to  some  of  the  more  important  arguments 
against  the  practice. 

*  This  discussion  (of  the  paper  by  James  N.  Hazlehurst,  M.  Am.  Soc.  0.  E.,  printed 
in  Proceedings  for  Hay,  1902),  is  printed  in  Proceedingain  order  that  the  views  exprcmed 
may  be  brought  before  all  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  received  prior  to  November  2l8t,  1908,  will  be  pub- 
lished subsequently. 
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The  general  theory  npon  which  snch  guaranties  are  based  is  that  Wr.  Whinery. 
the  responsibility  for  the  good  and  sufficient  quality  of  the  materials 
used,  and  of  the  workmanship  and  skill,  is  thrown  upon  the  contractor 
under  conditions  which  he  cannot  afford  to  disregard.  In  short,  the 
object  is  to  shift  responsibility  for  the  character  of  the  work  from  the 
city  authorities  to  the  contractor.  No  one  can  object  to  this  as  a 
principle.  The  city  is  undoubtedly  justified  in  taking  any  reasonable 
measures  that  will  compel  the  contractor  to  comply  fairly  and  fully 
with  the  requirements  of  his  contract.  The  only  question,  therefore, 
that  may  be  raised,  is,  whether,  on  the  whole,  such  guaranties,  in  their 
practical  workings,  result,  or  can  be  made  to  result,  to  the  advantage 
of  the  city.  This  embraces  the  question  whether  such  guaranties,  as 
they  are  usually  framed,  can  be  legally  enforced,  under  the  conditions 
that  usually  prevail  in  street-paving  contracts. 

In  the  first  place,  assuming  that  snch  guaranties  are  entirely  legal, 
their  value  must  depend  upon  the  ability  of  the  city  to  enforce  them. 
Sufficient  surety  must  be  required  from  the  contractor,  and  the  ques- 
tion at  once  arises:  What  amount  of  suretv  is  sufficient?  It  is  a  well- 
known  fact,  well-known,  at  least,  to  contractors,  thai  tbe  cost  of 
maintaining  a  pavement  under  conditions  to  which  it  may  be  subjected 
for  ten  or  even  for  five  years  may  vary  from  6  to  100^  of  its  original 
cost.  The  cases  are  quite  frequent  where  the  cost  of  maintenance  will 
equal  50^0  of  the  original  cost,  even  where  the  work  has  been  faith- 
fully and  skilfully  done.  In  those  cases  where  the  work  has  been  done 
by  aD  unskilful  or  dishonest  contractor  it  is  not  safe  to  figure  that  less 
than  one-half  of  the  original  cost  may  have  to  be  expended  to  make 
good  the  guaranty  for  a  i)eriod  of  even  five  years,  particularly  if  the 
streets  paved  are  subjected  to  heavy  travel.  Consequently,  it  may  be 
stated  as  a  general  proposition  that  the  surety  required  from  contract- 
ors, in  the  case  of  asphalt  pavements,  will  not  insure  the  city  against 
loss  unless  it  is  equal  in  amount  to  one-half  the  cost  of  construction. 
It  will  at  once  be  replied  to  this  statement  that  enormous  areas  of 
aHphalt  pavement  have  been  constructed  in  American  cities  under 
guaranties  running  from  five  to  thirty  years,  where  tbe  amount  of 
surety  required  has  varied  from  only  10  to  30"^  of  tbe  contract  price, 
and  that  defaults  by  the  contractor  have  been  rare  and  unimportant. 
But  it  must  be  remembered  that  the  asphalt  pavements  of  this  country  - 
have  l)een  constructed  under  a  peculiar  set  of  conditions.  The  work 
has  been  done  largely  by  a  few  large  companies  whose  business  interest 
in  the  promotion  and  extension  of  asphalt  pavements  was  snch  that 
they  could  not  afford  to  default  on  these  guaranties,  even  if  their  busi- 
ness responsibility  and  honor  had  not  impelled  them  to  comply  with 
obligations  incurred. 

There  have  been  a  great  many  cases  in  every  large  city  having  a 
considerable  area  of  asphalt  pavements  where  the  surety  in  possession 
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Mr.  Whinery*  of  the  city  has  been  less  than  one-third  of  the  amount  expended  by 
the  contractor  to  maintain  the  guaranty.  There  are  many  contracts 
involving  a  fifteen-year  guaranty  in  existence  in  the  City  of  New  York, 
where  the  tangible  surety  in  possession  of  the  city  does  not  equal  one- 
half  the  amount  it  will  cost  the  contractor  to  comply  with  the  guaranty. 
It  will  depend  entirely  upon  the  honor  and  integrity  of  the  original 
contractors  or  their  successors,  whether  or  not  these  contracts  are 
lived  up  to  until  the  end  of  the  guaranty  period.  Sufficient  examples 
have  occurred  to  show  what  may  be  expected  in  cases  where  an  irre- 
sponsible or  dishonest  contractor  has  been  awarded  work.  The 
history  of  the  asphalt  pavement  on  Eighth  Avenue,  New  York  City, 
is  a  good  illustration.  How  long  the  conditions  prevailing  in  the 
past  will  continue,  no  one  can  say,  but  it  may  be  safely  predicted 
that,  if  the  time  ever  comes  when  competition  is  as  open  in  the  asphalt- 
paving  business  as  in  other  work,  and  when  cities  shall  award  con- 
tracts to  the  lowest  bidder  regardless  of  other  considerations,  it  will 
be  found  necessary  to  require  an  amount  of  surety  equal  to  at  least 
half  the  original  contract  price. 

There  are  two  usual  methods  of  providing  surety  for  the  integrity 
of  such  guaranties.  In  the  one,  a  part  of  the  money  that  would 
otherwise  be  due  the  contractor  upon  the  completion  of  his  work,  is 
withheld  from  him  until  the  expiration  of  the  guaranty  period.  Now, 
if  it  be  true  that  surety  to  the  amount  of  one-half  the  contract  price 
must  be  provided  in  order  to  make  the  city  safe,  the  contractor  would 
receive,  under  this  plan,  only  60%  of  the  value  of  the  work  at  his  con- 
tract price.  Knowing  this,  he  must  do  one  of  two  things.  He  may 
bid  prices  that  will  be  sufficient,  when  50%  is  retained,  to  pay  the 
actual  outlay  for  the  work,  or  he  may,  if  he  possesses  the  capital  or 
can  command  it,  bid  prices  that  will  enable  him  to  carry  the  retained 
balance  during  the  period  of  the  guaranty,  as  well  as  to  pay  the 
expenses  of  sustaining  the  guaranty.  In  the  first  case  the  work  will 
be  open  to  contractors  of  moderate  or  large  means,  alike,  but  the  city 
must  pay  double  the  actual  cost  of  the  work.  In  the  second  case  the 
contractor  of  moderate  means  will  be  shut  out  entirely,  and  a  very 
few,  of  the  wealthiest  only,  will  be  able  to  compete,  and  even  then 
these  wealthy  contractors  must  bid  prices  that  will  compensate  them 
for  carrying  the  unpaid  balance  over  a  long  period.  In  either  case 
the  city  must  pay  the  cost  of  the  surety  it  requires.  And,  since  con- 
tractors will  usually  bid  prices  that  they  think  are  on  the  safe  side, 
particularly  where  conditions  are  such  that  exact  cost  cannot  be 
determined,  the  city  must  usually  pay  a  very  high  price  for  its 
security. 

In  lieu  of  retaining  a  part  of  the  contract  price,  many  cities  require 
the  contractor  to  give  a  bond  with  sureties  deemed  sufficient  to  make 
the  bond  good.     These  sureties  may    be  either  private  persons   or 
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snretj  companies.  Personal  surety  is  notoriously  unreliable.  Even  Mr.  Whinery. 
if  the  ]>er8ons  signing  a  bond  are  perfectly  responsible  at  the  time, 
they  may  be  paupers  before  the  end  of  five  years.  Whatever  may  be 
the  cause  or  causes,  it  is  a  notorious  fact  that  not  in  one  case  out  of  , 
t-wenty,  in  our  American  cities,  where  the  bond  is  forfeited  is  recovery 
actually  made  from  personal  sureties.  It  results  that  most  cities  now 
require  contractor's  bonds  to  be  under- written  by  surety  companies 
in  goodjstanding.  But  these  surety  companies  are  naturaUy  averse  to 
signing  the  bonds,  of  even  the  most  responsible  contractors,  where 
they  extend  over  a  considerable  period  of  years,  and  if  they  consent 
to  do  so  they  charge  high  rates  for  the  service,  and  usually  require 
collateral  security  from  the  contractor.  The  contractor  must  meet 
the  expenses  thus  incurred,  and  must  bid  prices  that  will  cover  them, 
and  the  city  must  in  the  end  pay  liberally  for  the  surety  it  exacts. 

Without  any  intention  of  impugning  the  honor  or  the  integrity  of 
surety  companies,  it  must  be  remembered  that,  corporations  being 
without  souls,  they  may  possibly  avail  themselves  of  legal  techni- 
calities to  escape  the  payment  of  large  sums  of  money  for  which  they 
are  bound.  Therefore,  it  is  exceedingly  important  that  no  possible 
pounds  of  invalidity  exist  in  contracts  thus  secured.  In  very  few 
instances,  the  speaker  believes,  have  surety  companies  been  called 
upon  to  make  good  for  defaulting  paving  contractors;  but  it  is  not 
impossible  that,  if  called  upon  to  pay  large  sums  on  account  of  such 
default,  it  would  be  discovered  that  even  this  class  of  suretv  is  not 
always  to  be  relied  upon  implicitly. 

It  has  been  claimed  that  contractors,  in  framing  their  bids,  do  not 
add  much,  if  anything,  to  their  prices  to  cover  the  expenses  of  a 
guaranty,  but  such  a  claim  is  too  absurd  to  be  considered  seriously. 
The  contractor,  usually,  is  not  a  blockhead,  and  he  is  not  in  the  busi- 
ness simply  for  benevolence  or  amusement.  It  is  true,  he  cannot  esti- 
mate exactly  what  it  will  cost  him  to  maintain  the  guaranty,  and  if  he 
is  new  to  the  business  he  may  very  greatly  under-estimate  that  cost, 
but,  whatever  he  thinks  it  may  be,  he  adds  it  to  the  price  he  would 
otherwise  bid,  unless,  indeed,  he  counts  upon  repudiating  or  escaping 
the  guaranty  entirely. 

It  may  be  that  sharp  competition,   and  a  desire  to  control  the     * 
business,  will  cause  him  to  bid  prices  which  he  knows  will  not  cover 
the  cost  of  the  work,  but,  if  he  has  had  any  experience  in  the  business, 
he  knows  that  the  cost  of  the  guaranty  is  as  palpable  a  quantity  as  is 
that  of  the  pavement  itself. 

It  must  be  evident,  therefore,  that  the  city  must  pay  very  liberally 
for  the  benefit  the  guaranty  is  supposed  to  confer. 

In  the  second  place,  the  question  of  the  legality  of  long-time 
guaranties  demands  more  consideration  than  it  has  received.  Where 
pavements  are  paid  for  by  special  assessments  upon  the  property 
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Mr.  Whinery.  benefited  by  the  improvement,  the  courts  have  held,  almost  univer- 
sally, that  while  the  original  cost  of  the  improvement  may  be  assessed 
against  benefited  property,  the  subsequent  cost  of  maintaining  the 
work  cannot  be  thus  assessed.  In  those  decisions  which  uphold  the 
validity  of  time  guaranties,  this  principle  is  not  denied,  but  an 
attempt  is  made  to  evade  it.  They  set  up  the  plea  that  the  terms  of 
the  guaranty  do  not  necessarily  require  the  maintenance,  in  the  proper 
sense  of  the  word,  of  the  pavement,  but  only  that  the  contractors 
shall  do  the  work  with  such  materials  and  such  skill  that  mainte- 
nance will  not  be  necessary  during  the  guaranty  period;  and  if  it  shall 
become  necessary  to  repair  the  pavement  within  that  period,  the  fact 
is  simply  evidence  that  the  contractor  did  not  do  the  work  in  the 
manner  required,  and,  therefore,  must  make  good  the  consequences 
of  his  failure.  This  reasoning,  in  the  speaker's  opinion,  is  specious 
and  erroneous.  It  may  be  sound,  as  an  abstract  legal  theory,  but, 
when  confronted  by  the  facts  as  they  are  known  to  every  practical 
man,  its  sophistry  cannot  but  be  apparent.  It  may  be  safely  asserted 
that  no  street  pavement,  subjected  to  even  moderately  heavy  travel, 
will  endure  for  five  years,  much  less  for  a  longer  period,  without  the 
necessity  for  more  or  less  repair,  which  no  fair-minded  person  com- 
petent to  judge  can  attribute  to  defective  construction.  The  use  of 
the  familiar  phrase,  **  ordinary  wear  and  tear  excepted,"  in  very  many 
guaranty  clauses  tacitly  admits  the  fact.  It  is  obvious  that  the 
repairs  necessary  to  a  pavement  after  it  is  two  or  three  years  old  may 
be  divided  into  iw^o  classes:  First,  those  that  mav  be  due  to  the  use 
of  materials  or  labor  not  up  to  the  requirements  of  the  specifications; 
and,  second,  those  made  necessary  by  the  wear  and  tear  of  use,  what- 
ever may  have  been  the  character  of  the  original  construction.  Under 
the  general  principle  of  law  referred  to  above,  the  contractor,  in  the 
first  case,  may  be  clearly  held  to  his  guaranty  without  danger  of  legal 
complications.  Under  the  second,  the  property  owner  may  justly 
object  to  being  assessed  specially  for  what  is  clearly  maintenance  of 
the  work. 

The  decision  of  the  Alabama  Court,  cited  by  the  author,  it  seems 
to  the  speaker,  is  a  striking  example  of  fine-spun  legal  theory  mis- 
*  applied  to  practical  facts  and  conditions.  The  learned  judge  concludes 
his  decision  with  a  fine-sounding  dictum  which  was  doubtless  intended 
as  a  clinching  argument  in  the  legal  knock-down  of  the  whole  fabric 
of  the  theory  opposed  to  that  held  by  the  Court.  Speaking  of  the 
requirements  of  the  guaranty  clauses  in  question,  he  says:  ''It  is  an 
incident  of  the  contract,  not  an  independent  undertaking. " 

When,  it  may  be  asked  by  the  practical  man  devoid  of  legal  acumen, 
does  such  a  guaranty  clause  cease  to  become  an  incident  of  the  contract 
and  not  an  independent  undertaking?  If  it  is  an  incident  until  the 
end  of  five  years,  why  not  until  the  end  of  ten  years?    And  why  may 
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it  not  continne  to  be  an  incident  during  the  whole  life  of  the  paye-  Mr.  Whinery. 
ment? 

If  it  is  answered  that  it  continues  to  be  an  incident  only  as  long  as 
mav  be  necessary  to  establish  the  fact  that  the  work  was  done  with 
such  material  and  skill  as  the  contract  called  for,  other  questions 
arise.  Just  what  length  of  time  is  required  to  disclose  defective  work- 
manship and  materials?  Is  that  period  of  time,  assuming  that  it  can 
be  determined,  a  fixed  and  well  differentiated  period,  or  may  it  be 
affected  by  conditions  which  must  vary  with  different  streets,  and  even 
with  different  parts  of  the  same  street?  Js  the  ''incident*'  period  the 
same  on  such  a  street  as  Broadway,  New  York  City,  and  on  the  resi- 
dence streets  of  the  smaller  cities,  or  even  of  those  of  New  York  City  ? 
Is  it  true  that  five  years'  use  of  a  pavement  on  a  heavily  traveled  street 
in  any  large  city  will  develop  nothing  more  than  inherent  defects  in 
the  original  construction?  And,  that  the  effect  of  wear  and  tear  of 
travel,  which  is  not  an  incident  of  the  contract,  will  begin  the  day 
after  the  expiration  of  the  five  years  and  not  before?  And,  if  it  does 
not  begin  on  the  last  day  of  the  five  years,  when  will  it  begin?  If  the 
guaranty  of  the  pavement  and  the  expense  of  maintenance  it  entails  is 
merely  an  incident  of  the  contract  in  the  sense  the  Conrt  seems  to  hold, 
would  the  contractor  add  anything  to  his  price  because  of  the  incident? 
If  it  is  found,  as  a  matter  of  fact,  that  the  expense  of  maintenance 
entailed  by  the  guaranty  is  invariably  added  by  the  contractor  to  his 
estimate  of  first  cost,  or  is  always  considered  in  fixing  the  price  in  his 
original  bid,  does  the  Court  still  hold  that  it  is  merely  an  incident  of 
the  contract? 

Notwithstanding  the  great  importance  of  the  question  of  the 
validity  of  these  long  guaranties,  decisions  of  the  higher  Courts 
covering  it  have  been  comparatively  few,  but  a  large  majority  of  these 
have  been  to  the  effect  that  they  are  not  legal  when  they  relate  to  work 
paid  for  by  special  assessment.  Cases  involving  the  legality  of  these 
guaranties  apparently  have  not  been  brought  before  the  Courts  in  a 
large  majority  of  the  States,  and  in  these  it  remains  an  open  question. 
The  far-reaching  effects  and  the  serious  financial  results  which  would 
attend  adverse  decisions  in  many  of  the  older  States,  where  hundreds 
of  thoufiands  of  square  yards  of  asphalt  pavement  are  covered  by  such 
guaranties,  make  the  question  one  of  very  serious  importance. 

The  absence  of  litigation  and  resulting  decisions  in  so  many  of  the 
States  may  be  largely  due  to  the  fact  that  the  large  companies  by 
whom  the  greater  part  of  the  asphalt  pavement  in  this  country  has 
been  constructed  have,  for  reasons  of  their  own,  consented  to,  if  they 
have  not  actually  encouraged  the  requirement  of,  long-time  guar- 
anties. 

There  is  one  important  feature  of  these  long-time  guaranties  that 
seems  not  to  have  been  brought  before,  or  considered  by,  the  Courts 
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Mr.  Whinery.  at  all ;  that  is,  that  in  nearly  every  city  the  terms  of  contracts  for 
paving,  including  the  guaranty  requirements,  are  general,  and  are 
made  to  apply  to  all  streets  alike.  No  allowance  is  made  with  respect 
to  different  streets  for  different  conditions  of  use.  Thus  A  and  B,  two 
parallel  and  contig^ious  streets,  are  paved  at  the  same  time,  under  the 
same  form  of  contract,  and  possibly  by  the  same  contractor.  ^  is  a 
main  business  street  with  very  heavy  travel,  while  B  is  a,  residential 
street,  with  very  little  travel.  The  work  on  both  may  be  done  with 
the  same  materials  and  with  the  same  degree  of  care  and  skill,  so  that 
the  pavements  when  completed  are  practically  identical.  The  con- 
tractor, in  framing  his  bids,  having  the  facts  in  mind,  would  almost 
certainly  bid  a  higher  price  per  square  yard  on  A  than  on  B,  because 
the  maintenance  of  the  pavement  for  the  guaranty  period  will  cost 
very  much  more  on  A  than  on  B.  Let  it  be  assumed  that  the  period 
of  guaranty  on  B  be  such  that  its  pavement  would  just  endure  to  the 
end  of  the  period  without  any  repairs  due  to  maintenance  proper. 
During  the  same  period,  the  pavement  on  A,  subjected  to  very  heavy 
travel,  will  have  required  a  large  expenditure  for  repairs  due  to  the 
wear  and  tear  of  use.  To  pay  for  the  pavements,  the  property  owner 
on  Af  obviously,  must  be  assessed  for  a  much  larger  sum  per  unit  than 
the  property  owner  on  B.  If  the  property  owner  on  A  should  resist 
the  assessment  on  the  ground  that  a  part  of  his  assessment  was  for 
maintaining  the  pavement  and  not  for  construction,  and  should  appeal 
to  the  Courts,  it  is  difScult  to  understand  upon  what  ground  his  plea 
could  be  refused,  or  the  validity  of  the  guaranty  sustained.  This 
particular  ground  of  invalidity  could  be  avoided  by  such  a  cliange  in 
the  nature  of  the  guaranty  as  would  require  that  the  pavement  should 
endure  a  stipulated,  definite  quantity  of  use,  without  showing  indica- 
tions of  failure,  as,  for  instance,  the  passage  over  it  of  a  certain 
number  of  tons  of  travel,  the  quantity  to  be  ascertained  by  censuses 
of  travel  taken  at  intervals  of  time  in  accordance  with  specified  rules 
and  regulations.  The  speaker  has  long  believed  that  this  is  quite 
practicable,  and  that  it  constitutes  the  only  rational  and  just  basis  for 
guaranties  that  are  intended  to  test  the  enduraoce  of  a  pavement. 

At  this  point  may  be  considered  some  provisions  of  these  guaranties 
which  have  their  foundation  in  the  attempt  to  keep  their  requirements 
within  legal  bounds.* 

If  the  contractor  is  required  to  maintain  the  integrity  of  a  pave- 
ment for  a  period  of  years,  care  must  be  taken  that  nothing  is  done  by 
the  city,  or  by  other  persons  with  the  permission  of  the  city,  that  will 
release  the  contractor  from  his  obligation.  For  instance,  the  city  may 
not  remove  and  then  repair  a  part  of  the  guaranteed  pavement,  nor 
may  it  authorize  persons  other  than  the  contractor  to  do  so,  since 
not  only  may  the  contractor  claim  that  the  adjoining  pavement  was 
injured  in  the  operation,  but  he  may  claim  that  defects  appearing 
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later  are  vithin  the  area  of  the  pavement  disturbed  and  repaired  by  Mr.  Whinery. 
parties  other  than  himself,  and  for  which  he  cannot,  therefore,  be  held 
responsible.  It  is  generally  difficult,  if  not  impossible,  even  with  the 
aid  of  carefully  prepared  diagrams,  to  locate  accurately,  after  the 
lapse  of  a  year  or  two,  the  exact  boundaries  of  such  repaired  areas. 
Therefore,  it  has  been  found  desirable,  if  not  essential,  to  couple  with 
the  guaranty  a  provision  that  the  guarantor  shall  make  all  necessary 
cuts  into  and  replacements  of  the  pavement,  at  a  stipulated  price. 
Usually,  not  much  consideration  has  been  given  to  the  reasonableness 
of  this  price,  as  it  has  been  assumed  that  it  was  an  unimportant  item. 
Very  commonly,  the  price  has  been  fixed  at  a  certain  percentum  above 
the  contract  price  for  the  construction  of  the  pavement.  If,  there- 
fore, the  guaranty  period  was  long  and  the  contract  price  accordingly 
high,  the  price  for  such  repairs  was  quite  likely  to  be  exorbitant.  The 
result  is  illustrated  nowhere  better  than  in  New  York  City,  where, 
owing  to  extensive  improvements  in  transportation  systems  and  other 
underground  structures,  enormous  areas  of  pavement  have  to  be  re- 
moved and  replaced  at  prices  so  high  as  to  make  the  cost  of  the  work 
a  very  serious  burden  to  those  who  must  pay  for  it.  It  is  probably 
true  that  this  repair  work  is  to-day,  in  New  York  City,  the  principal 
source  of  profit  to  the  contractors  who  laid  the  pavement,  or  to  their 
successors.  Even  if  the  price  for  repairs,  thus  stipulated,  were  rea- 
sonable at  the  time  the  contracts  were  made,  the  great  decline  in  the 
cost  of  asphalt  pavement  since  that  date  makes  them  now  abnormally 
high,  and  suggests  the  conclusion  that  it  is  unwise  to  continue  a 
practice  which  seems  necessarily  to  involve  the  making  of  contracts 
extending  over  long  periods  of  time  for  supplies  or  services,  the 
market  value  of  which  is  likely  to  be  subject  to  great  fluctuations. 

Before  dismissing  this  branch  of  the  subject,  it  is  worth  noting  that, 
where  maintenance  is  embraced  in  contracts  for  construction,  the  cost 
of  maintenance  being  embraced  in  the  price  bid,  the  contractor  prac- 
tically receives  payment  for  the  maintenance  in  advance,  and,  in  the 
cases  of  long-period  guaranties,  so  many  years  in  advance  that  the 
resulting  loss  to  the  city  is  very  great.  In  some  of  the  contracts  for 
the  pavement  of  Broadway,  New  York  City,  it  is  very  evident  that  the 
contractor,  in  fixing  the  price  bid  by  him,  regarded  the  maintenance 
as  likely  to  cost  nearly  twice  as  much  as  the  construction.  Yet  the 
city  paid  him  the  whole  sum  upon  the  completion  of  the  work  of  con- 
struction. It  is  true  that  a  large  percentage  of  the  sum  was  retained 
by  the  city,  but  this  was  held  as  surety,  additional  to  the  bond  given, 
for  the  performance  of  his  obligations  (and  it  may  be  said,  in  passing, 
that  as  security  it  was  very  inadequate),  and  was  not  withheld  with  the 
view  of  paying  for  a  part  of  the  service  when  that  service  should  be 
rendered.  When  it  is  considered  that  the  largest  part  of  the  cost  of 
maintenance  will  almost  certainly  be  expended  in  the  last  half  of  the 
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Mr.  Whinery.  guaranty  period,  it  will  be  appreciated  that  the  adyance  payment 
must  be  a  matter  of  large  gain  to  the  contractor  and  of  large  loss  to 
the  city. 

There  is  another  point  which  is  of  sufficient  importance  to  merit 
consideration  in  this  connection.  If  the  city  requires  the  contractor 
to  guarantee  certain  results,  he  may  justly  claim  that  he  must  be  left 
free  as  to  the  means  by  which  these  results  are  to  be  obtained,  and 
that  if  the  city  assumes  to  dictate,  as  by  prescribing  definite  specifica- 
tions and  the  means  to  be  used,  he,  the  contractor,  cannot  be  held  re- 
sponsible for  results.  It  would  seem,  therefore,  a  very  dangerous 
procedure,  from  a  legal  point  of  view,  for  a  city  to  attempt  to  compel 
a  contractor  to  guarantee  work,  constructed  not  in  accordance  with  his 
judgment  and  experience,  but  in  strict  compliance  with  specifications 
formulated  by  the  city's  agents. 

In  the  early  history  of  asphalt  pavement,  when  its  merits  were 
questioned  and  distrusted,  when  the  properties  of  the  material  used 
were  not  well  understood  and  the  methods  of  constructing  it  were  not 
familiar  to  engineers,  it  cannot  be  doubted  that  the  requirement  of 
some  gruaranty  of  results  was  not  only  justified,  but  was  required  by 
ordinary  business  prudence.  But  that  time  is  now  past.  The  essential 
quality  of  the  material  is  known  and  can  be  determined  in  tbe 
laboratory  or  by  experiment,  and  the  principles  of  its  construction 
are  weU  understood.  The  fact  that  engineers  do  not  now  hesitate  to 
prescribe  how  the  work  shall  be  done,  down  to  its  minutest  details,  is 
sufficient  evidence  that  they  feel  competent  to  deal  with  the  subject 
as  freely  as  with  any  other  engineering  problem. 

It  is  scarcely  creditable  to  the  profession  that  in  the  present  state 
of  the  art  and  science  of  pavement  construction  we  must  depend  upon 
contractors'  guaranties  to  secure  good  work. 

The  necessity  for  a  guaranty  of  endurance,  therefore,  seems  no 
longer  to  exist.  In  view  of  these  conditions,  and  others  which  time  does 
not  permit  the  speaker  to  detail  now,  he  is,  and  has  been  for  many 
years,  of  the  opinion  that  it  is  both  unnecessary  and  unwise  to  continue 
longer  these  long-time,  or,  as  they  may  more  properly  be  called, 
endurance,  guaranties.  He  does  not  believe  that,  upon  the  whole, 
they  result  to  the  advantage  of  the  cities,  or  are  worth  what  they  cost. 
There  seems  to  him  to  be  ample  evidence  that,  whether  judged  from 
the  economical  or  the  legal  standpoint,  it  is  unwise  as  well  as  dangerous 
to  complicate  construction  contracts  with  provisions  for  maintenance 
in  such  a  way  that  they  are  not  readily  separable.  A  guaranty  extend- 
ing over  a  short  period,  sufficient  to  disclose  defects  of  construction 
that  might  have  been  overlooked  as  the  work  progressed,  would  be 
entirely  unobjectionable.  It  should  not  extend  over  two  years.  With 
such  a  guaranty  our  cities  can  safely  rely  upon  their  engineers  to  pre- 
pare adequate  specifications,  and  to  enforce  them  so  as  to  secure  work 
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of  the  highest  standard  of  excellence.     In  cases  where  the  local  en-  Mr.  Whlnery. 
gineering  talent  may  happen  to  be  without  the  requisite  knowledge 
and  experience,  there  are  not  a  few  specialists  whose  services  could 
be  readily  secured,  in  the  capacity  of  consulting  engineer,  as  is  the 
practice  in  other  branches  of  engineering  work. 

If  it  is  thought  advisable,  maintenance  of  the  pavement,  after  the 
expiration  of  the  short  guaranty,  can  be  made  by  contract  either  with 
the  contractor  who  constructs  the  pavement  or  with  others. 

Some  of  the  advantages  claimed  for  the  long-perio<l  guaranty 
could  be  secured  by  embracing  in  the  original  contract  for  construc- 
tion provisions  for  the  maintenance  of  the  pavement,  after  the  expira- 
tion of  the  short  g^iaranty,  at  a  stipulated  price  per  square  yard  per 
year,  payable  yearly  when  the  service  shall  have  been  rendered.  In  case 
the  work  is^  be  wholly  or  partly  paid  for  by  special  assessments,  only 
the  cost  of  construction  could  then  be  assessed  upon  property  owners, 
and  the  cost  of  maintenance  could  be  paid  from  the  general  funds  of 
the  city. 

The  speaker  agrees  with  Mr.  Lewis  that  the  plan  adopted  by  the 
author  is  in  the  right  direction,  if  long-period  guaranties  are  to  be 
continued,  as  it  attempts  to  separate  the  guaranty  from  maintenance. 
But  the  plan  adopted  involves,  to  some  extent,  the  common  fallacy 
that  the  cost  of  guaranteeing  the  work  on  one  street  is  practically 
the  same  as  on  any  other  street.  Thus,  the  author  bases  his  price 
for  maintenance  on  the  average  cost  of  maintenance  in  Washing- 
ton and  other  cities,  ignoring  the  fact  that  the  conditions  in  Mobile 
may  be  such  as  to  make  such  average  cost  totally  inapplicable  to  the 
streets  of  that  city.  If  his  plan  were  adopted  in  New  York  City  under 
general  specifications,  used,  as  is  customary,  for  the  whole  season's 
work,  the  absurdity  of  applying  the  Washington  average,  or  of  as- 
suming that  the  specified  maintenance  price  would  apply  alike  to 
Broadway  and  to  a  short  residential  street  in  the  Borough  of  the 
Bronx,  would  be  palpable.  If  the  author  had  carried  his  plan  a  little 
further  and  had  asked  bidders  to  name  prices  for  maintenance  during 
the  second  and  third  periods  of  five  years,  as  well  as  a  price  for  con- 
struction, he  would  then  have  approached  a  rational  method;  but 
even  then  he  would  have  compelled  the  contractor  to  guess  at  the  con- 
ditions that  would  probably  prevail  on  a  certain  street  fifteen  years  in 
the  future.  The  speaker  uses  the  word  '*  guess  *'  purposely,  because, 
in  our  comparatively  young  and  rapidly  developing  American  cities, 
no  one  can  foretell  what  changes  in  the  growth  and  distribution  of 
travel  on  any  street  may  take  place  within  a  period  of  even  ten  yeais. 

Mr.  Lewis  evidently  has  the  impression,  which  is  thought  to  be 
quite  general,  that  the  contractor,  in  making  up  his  bid,  adds  little  or 
nothing,  to  his  price  for  construction,  to  cover  the  guaranty. 

In  making  up  hundreds  of  bids  every  year,  the  speaker,  for  himself 
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Mr.  Whiuery.  and  for  the  companj  with  which  he  was  for  a  long  time  connected, 
always  added  to  the  computed  construction  price  on  each  street  the 
estimated  cost  of  maintaining  the  guaranty.  The  price  thus  arrived  at, 
however,  was  not  always  the  price  his  company  bid,  because  various 
circumstances  and  the  exigencies  of  competition  often  dictated  the 
price,  regardless,  within  certain  limits,  of  the  estimated  cost. 

Mr.  Lewis.  Nelson  P.  Lewis,  M.  Am.  Soc.  0.  E. — The  author  has  the  object  of 
trying  to  eliminate  the  necessity  of  a  contractor  making  a  guess  at  the 
cost  of  maintaining  a  pavement  which  may  be  laid  by  him  during  the 
period  for  which  such  maintenance  will  be  required.  His  object  is 
certainly  a  commendable  one,  and  the  speaker  believes  he  is  moving  in 
the  right  direction. 

Let  us  see  just  how  his  specifications  work  out.  They  provide  that 
all  repairs  which  may  be  ordered  during  the  period  of  the  contractor's 
guaranty  will  be  paid  for,  if  the  area  is  less  than  20  sq.  yds.,  at  a  price 
20^0  greater  than  his  original  contract  price,  while  for  areas  between 
20  and  50  sq.  yds.  the  advance  will  be  15^,  and  for  areas  over  50  sq. 
yds.  lO^V  over  the  contract  price.  He  refers  to  contracts  let  in  Mobile 
for  17  000  yds.  of  pavement  at  i$1.15  per  square  yard.  The  amount  paid 
for  repairs,  therefore,  will  be  $1.38  per  square  yard,  if  the  area  be  less 
than  20  yds.  If  more  than  20  yds.  and  leas  than  50  yds.,  $1.32};  while 
for  any  repairs  covering  more  than  50  yds.,  he  will  be  paid  $1.26^  per 
square  yard. 

Now,  he  assumes  as  a  proper  maintenance  cost  to  the  city  for  the 
first  five-year  period  after  the  expiration  of  a  five-year  guaranty,  or  for 
the  second  five  years  of  the  life  of  the  pavement,  3  cents  per  square 
yard  per  annum.  Of  the  17  000  sq.  yds.  laid  in  Mobile— assuming  that 
practically  all  the  repairs  are  in  areas  of  less  than  20  sq.  yds.,  as  w^ill, 
in  the  speaker's  opinion,  be  the  case  in  a  successful  pavement — ^he 
would  be  expected  to  relay  about  370  yds.  annually  during  the  first  five 
years,  or  2. 2%  of  the  total  area  each  year.  For  the  second  five  years, 
during  which  he  is  allowed  8  cents  per  square  yard,  he  could  relay  just 
about  1  000  sq.  yds.,  or  6%  of  the  total  area  each  year.  Now,  if  he 
assumes  that  none  of  these  repairs  overlap  each  other,  which  is  not 
probable,  he  would  have  renewed  during  those  ten  years,  from  the  fifth 
to  the  fifteenth  year,  4l1%  of  the  original  surface.  Of  course,  there  will 
be  more  or  less  overlapping;  repairs  will  wear  out  and  have  to  be  re- 
newed, and  it  is  fair  to  assume  that,  say,  one-fifth  of  the  repairs  made 
will  have  to  be  done  a  second  time,  so  that  the  contractor  will  have 
replaced  one-third  of  the  total  area  of  the  pavement  by  the  end  of 
fifteen  years. 

Has  the  author  adopted  a  fair  standard  when  he  refers  to  the  cost  in 
the  City  of  Washington?  The  speaker  does  not  believe  he  has.  "Wash- 
ington is  not  a  logical  city,  to  which  one  may.  look  for  such  a  standard, 
especially  if  it  is  to  be  applied  to  a  small  city  which  is  just  beginning 
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to  lay  smooth  pavements.  The  conditions  in  Washington  are  nearly  Mr.  Lewis. 
ideaL  The  streets  are  extremely  broad,  the  traffic  of  the  city  is  com- 
paratively light,  and  it  is  admirably  distributed.  In  smaller  cities,  when 
smooth  pavements  are  first  laid,  an  abnormal  amount  of  traffic  is  always 
attracted  to  them.  This  is  invariably  the  ca^e,  and  it  is  impossible  to 
predict  what  will  be  the  relative  amount  of  traffic  on  new,  smooth 
pavements.  The  character  of  a  street  will  be  radically  changed  within 
two  or  three  years,  possibly,  after  it  is  paved.  Even  in  a  city  having 
comparatively  a  large  amount  of  smooth  pavements,  a  remarkable 
transformation  will  take  place  in  the  vehicular  traffic  as  new  routes  are 
laid  out  and  new  connections  are  established. 

While  the  author  may  have  given  the  contractor  a  good  guessing 
basifl,  he  is  still  going  to  make  him  guess.  He  is  compelled  to  guess 
how  much  he  will  have  to  add  to  his  construction  price  in  addition  to 
the  3  cents  per  square  yard  allowed  for  the  second  five-year  period,  and 
the  8  cents  per  square  yard  for  the  third  five-year  period,  or,  in  other 
words,  how  much  more  than  40JV  of  the  original  surface  of  the  pave- 
ment will  have  to  be  renewed  by  the  end  of  fifteen  years,  and  he  is  going 
to  guess  liberally  if  he  is  a  shrewd  man.  The  contractor  in  Mobile 
evidently  did  not  make  a  very  liberal  allowance,  as  his  price  was  only 
$1. 15  per  square  yard. 

It  is  evident  from  the  specifications  which  are  quoted  in  the  paper 
that  if  the  contractor  does  not  have  to  lay  as  much  as  was  anticipated, 
that  is,  if  he  does  not  have  to  renew  2.2^\,  annually  for  the  first  five 
years  and  6%  annually  for  the  second  five  years,  he  is  not  to  be  paid 
for  it. 

Now,  there  has  been  a  good  deal  of  what  the  speaker  will  venture  to 
call  nonsense  said  and  written  about  long-time  guaranties  and  short- 
time  guaranties,  and  the  reasons  for  one  or  the  other. 

In  a  report  made  to  the  Mayor  of  New  York  City  by  his  Gommis. 
(doners  of  Accounts  in  1899,  there  was  a  table  tending  to  show  what  the 
insurance  cost  of  pavements  had  been,  that  is,  what  premium  the  city 
was  paying  for  long-time  guaranties,  and  in  estimating  that  cost  they 
allowed  2  cents  a  square  yard  annually  for  the  maintenance  of  New  York 
pavements,  amounting  to  30  cents  per  square  yard  for  the  entire  fifteen 
years,  which  was  the  guaranty  period  in  the  contracts  under  discus- 
sion. If  this  sum  were  all  charged  to  the  ten  years  from  the  fifth  to 
the  fifteenth,  it  would  amount  to  only  3  cents  per  square  yard  per 
annum,  and  it  cannot  be  claimed  seriously  that  New  York  pavements 
can  be  maintained  for  8  cents  per  square  yard  between  the  fifth  and 
fifteenth  years.  The  table  also  includes  the  cost  of  a  plant  for  fifteen 
years  at  5  cents  per  square  yard  annually,  and  the  last  and  largest  item 
is  interest  lost  on  money  retained  for  fifteen  years  at  6%,  amounting  to 
641  cents,  showing  that  the  total  cost  to  the  city  for  insuring  Its  pave- 
ments for  fifteen  years  is  99^  cents  per  square  yard. 
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Mr.  Lewis.  It  is  difficult  to  understand  liow  it  can  be  claimed  seriously  that  the 
money  retained  under  a  paving  contract,  as  it  is  in  New  York  City,  is 
wrongfully  kept  from  the  contractor,  and  that  he  should  be  allowed 
and  will  charge  interest  on  it.     It  is  not  money  which  has  been  earned. 

Mr.  Whinery  has  referred  to  cases  where  50%  of  the  amount  due 
the  contractor  has  been  held  back  that  should  have  been  paid  to  him 
on  the  completion  of  his  work.  It  is  probable  that  he  did  not  refer  to 
the  New  York  City  practice,  but  to  cases  where  no  bond  is  required. 

The  amount  retained  by  the  City  of  New  York  under  the  fifteen 
years'  guaranty  was  S0%  of  the  cost  of  the  asphalt  surface,  of  which 
3%  was  paid  each  year,  beginning  at  the  end  of  the  sixth  year  and  up 
to  the  end  of  the  fifteenth;  that  is,  it  was  assumed  that  S%  of  the  cost 
of  the  pavement,  which,  at  $2  a  yard,  would  be  6  cents,  or,  at  $3  a  yard, 
9  cents,  was  the  amount  which  the  contractor  would  probably  earn  in 
making  those  repairs,  and  this  seems  to  the  speaker  a  fair  allowance. 
In  the  case  of  the  ten-year  guaranty,  the  amount  retained  was  20%  of 
the  cost  of  the  wearing  surface,  of  which  ^%  was  paid  at  the  end  of  each 
year  from  the  sixth  to  the  tenth.  This  allowance  again  would  be,  on 
the  basis  of  $2  and  $3  pavements,  8  or  12  cents  per  square  yard.  But 
that  money  was  not  earned;  it  was  not  due  the  contractor,  and  to 
charge  it  up  as  the  price  the  city  was  paying  for  long-term  guaranties 
was  erroneous  and  misleading. 

The  speaker,  however,  agrees  with  the  conclusions  reached,  and 
the  contention  that  the  long-term  gpiaranty  is  unwise,  but  his  reasons 
are  entirely  and  radically  different.  It  is  probable  that  an  asphalt- 
paving  contractor,  who  is  jealous  of  his  reputation,  will  charge  little, 
if  any,  less  for  a  pavement  without  a  guaranty  than  if  he  were  guaran- 
teeing it  for  five  years,  assuming  that  he  would  exercise  the  same  care 
in  laying  the  one  as  the  other. 

Streets  differ  so  much  in  the  traffic  they  sustain,  and,  as  already 
stated,  the  future  of  a  street  is  so  uncertain,  that  when  one  deals  in 
futures  of  more  than  five  years  he  certainly  has  to  estimate  liberally, 
and  the  contractor  is  obliged  to  guess,  and  guess  liberally,  how  much 
he  will  have  to  spend  from  the  fifth  to  the  fifteenth  year. 

Bat  conditions  are  changing  in  a  large  city  like  New  York,  and  they 
are  changing  for  the  better,  and  account  should  be  taken  of  the  changes. 
Steel  tires  are  wider  than  they  were,  a  large  proportion  of  them  has 
been  replaced  by  those  of  rubber,  horse-shoes  are  lighter,  and  one  will 
not  discount  the  future  properly  if  he  does  not  take  into  account  the 
large  percentage  of  horseless,  smooth-wheeled  vehicles  which  will  be 
found  on  our  streets  before  a  ten  or  a  fifteen -year  contract  made  at  the 
present  time  will  have  expired.  All  of  these  changes  will  tend  to 
simplify  the  problem  of  maintaining  our  asphalt  pavements.  The 
elements  most  injurious  to  them  are  constantly  being  eliminated. 

Now,  is  it  not  the  plain  duty  of  the  municipality  to  take  advantage 
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of  these  changed  conditions  instead  of  giving  all  that  advantage  to  Mr.  Lewis, 
the  contractor?  It  will  be  his  if  he  is  obliged  to  make  a  gness  npon 
the  cost  of  maintaining  a  pavement  for  fifteen  years.  He  will  base  his 
gnees  upon  his  past  experience  with  pavements  now  ten  and  fifteen 
years  old,  and  it  can  scarcely  be  questioned  that  the  conditions  will  be 
so  different  in  another  ten  or  fifteen  years  that  the  advantage  will  all 
be  his. 

The  speaker  wonld  like  to  suggest  what  seems  to  him  a  logical 
method  of  dealing  with  this  problem,  and  one  which  will  eliminate  it 
almost  entirely.  It  is  that,  after  the  expiration  of  the  original  contract 
covering  not  more  than  five  years,  subsequent  contracts  for  from  one 
to  five  years  be  made  for  maintaining  the  pavements,  which  contracts 
should  provide  that  the  contractor  be  paid  for  the  material  actuaUy 
used,  and  which  would  be  placed  where  directed. 

This  system  has  been  in  vogue  in  the  District  of  Columbia  for  some 
years,  and  with  admirable  results.  It  is  doubtless  true  that  the  figures 
which  the  author  uses,  viz.,  3  cents  per  square  yard  as  the  cost  of 
maintenance  for  the  second  five-year  period  and  8  cents  per  square 
yard  for  the  third  five-year  period,  are  due  largely  to  the  use  of  this 
method,  although,  if  the  speaker  correctly  reads  the  recent  reports  of 
the  District  of  Columbia,  the  average  cost  from  the  fifth  to  the  tenth 
year  is  below  3  cents,  and  from  the  tenth  to  the  fifteenth  year  bolow 
8  cents.  It  is  probable  that  the  8-cent  average  is  obtained  by  includ- 
ing, as  the  reports  do,  a  number  of  streets  which  are  entirely  re-sur- 
faced and  which  increase  the  apparent  cost  very  materially. 

This  same  method  is  now  in  use  in  the  Borough  of  Brooklyn,  the 
second  contract  made  on  this  basis  being  now  in  force.  Under  these 
contracts  the  wearing  surface  is  paid  for  by  the  cubic  foot,  measured 
in  carts  on  the  street.  The  first  contract  provided  for  a  payment  of  97 
cents  per  cubic  foot  for  the  wearing  surface;  the  present  price  is  90 
cents  a  cubic  foot,  while,  with  the  burner  method,  or  the  skimming 
process,  the  price  under  the  old  contract  was  91.15  per  cubic  foot; 
under  the  present  one  this  method  of  repair  is  not  provided  for  at 
all,  it  being  considered  unsatisfactory  and  to  be  discouraged,  while 
the  price  for  binder  was,  under  the  first  contract,  35  cents  a  cubic  foot, 
and  under  the  present  one  50  cents. 

A  great  element  of  saving  under  such  a  contract  is  in  repairs  to 
streets,  which,  from  their  age  or  trafSc,  have  been  reduced  in  thick- 
ness. Many  streets,  doubtless,  will  be  found  in  which  the  wearing 
surface,  instead  of  being  2  ins.,  is  1}  ins.,  and  in  some  instances  less. 
Formerly,  when  repairs  were  paid  for  by  the  square  yard,  as  is  provided 
for  under  the  plan  proposed  by  the  author,  the  city  would  pay  for  a 
standard  pavement  2  ins.  in  thickness,  and  with  1  in.  of  binder,  when 
it  gets  considerably  less  But,  by  the  cubic-foot  method,  the  same 
amount  will  lay  a  proportionately  greater  area,  and  while  the  amount   . 
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Mr.LewiB.  expended  under  the  Brooklyn  contract  was  perhaps  as  much  as  under 
the  old  method,  still  the  repairs  were  put  where  they  did  the  most 
good.  It  enables  one  also,  in  the  case  of  extremely  bad  pavements 
which  need  re-surfacing,  to  repair  only  the  dangerous  places  and  keep 
them  in  safe  condition  for  a  year  or  so,  until  they  can  be  re-surfaced, 
without  spending  a  large  sum. 

As  already  stated,  the  conditions  in  Washington  are  exceptionally 
favorable,  but  recent  reports  from  Rochester  would  indicate  that  the 
repairs  to  its  asphalt  pavements  cost  even  less  than  in  Washington. 
The  record,  as  given  in  the  report  of  the  City  Engineer  for  1900,  is  quite 
remarkable.  The  average  cost  for  all  streets  is  not  given,  but  taJdng 
a  pavement  which  was  laid  in  1886:  From  1896  to  1900  the  cost  of  main- 
tenance per  square  yard  per  annum  was  1.2  cents;  another  one  cost  6.6 
cents,  and  the  next  one  4  cents.  These  are  the  averages  from  the  tenth 
to  the  fourteenth  year.  The  next  one  is  2.8  cents,  and  one,  on  which 
the  guaranty  expired  in  1892,  appears  to  have  been  maintained  since 
that  date  at  an  average  cost  of  less  than  1  cent  per  square  yard.  This 
is  an  admirable  showing,  and,  judging  from  the  limited  opportunities 
the  speaker  has  had  to  observe  the  Rochester  streets,  it  is  not  because 
the  repairs  have  been  made  spasmodically  and  only  when  necessary, 
because  the  streets  have  been  kept  in  excellent  condition.  The  City 
Engineer  also  states  that  in  making  the  figures  the  area  between  rail- 
road tracks  and  2  ft.  outside  was  excluded  from  the  area  of  pavements 
maintained  and  in  the  cost,  as  these  spaces  are  cared  for  by  the  surface 
railroad  companies. 

In  reply  to  the  question  as  to  the  reason  for  the  cracking  of  asphalt 
pavements  subjected  to  little  or  no  traffic,  the  speaker  believes  that 
such  pavements  do  have  a  tendency  to  crack  more  thao  those  which 
are  subjected  to  moderately  heavy  traffic;  the  reason,  undoubtedly,  is 
that  in  unused  or  little  used  pavements  the  wearing  surface  is  not  kept 
thoroughly  compressed,  and  is  therefore  much  less  dense,  and  the  action 
of  the  elements  on  the  bitumen,  the  function  of  which  is  to  hold  the 
mineral  matter  together,  is  quite  marked.  Traffic  does  keep  the  sur- 
face more  dense,  and  therefore  more  impervious  to  water,  and  better 
protected  against  the  action  of  frosts. 
Bfr.  Thompson.  g  Q  THOMPSON,  M.  Am.  Soc.  C.  E.— In  considering  the  question 
of  maintenance  of  asphalt,  the  speaker  desires  to  call  attention  to 
some  conditions  which  obtain  in  the  Borough  of  the  Bronx.  Qxdte  a 
number  of  strips  for  the  use  of  bicyclists  have  been  constructed  in  the 
roadways  of  the  different  streets  and  avenues.  They  are  usually  from 
3  to  5  ft.  wide,  or  of  such  a  width  as  to  prevent  both  wheels  of  a  vehicle 
getting  on  them. 

In  most  cases  these  strips  have  been  laid  on  the  old  block  pave- 
ment as  a  foundation.  The  blocks  have  been  lowered  and  the  asphalt 
wearing  surface  placed  on  the  top,  and  brought  up  to  the  same  cross- 
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section  as  the  remainder  of  the  roadway.     Most  of  these  strips  have  Mr.  Thompoon. 

been  placed  next  to  the  curb.     The  resnlt,  in  one  street  in  particular, 

has  been  that  the  maintenance   has    been  very  expensive  for  the 

contractor,  as  the  block  pavement  in  the  gutters,  under  the  asphalt, 

allowed  the  water  from  the  crown  of  the  street  to  g^t  under  the  strips, 

and,  by  its  disintegrating  influence  and  through  the  effects  of  frost, 

quite  a  large  portion  of  the  strip  has  been  destroyed.     This  has  made 

its  renewal  necessary  at  least  twice  during  the  past  five  years,  and  the 

speaker's  belief  is  that  it  was  due  almost  entirely  to  the  fact  that  the 

foundation  was  unsaitable.    The  water  draining  from  the  crown  of  the 

street  and  getting  under  the  asphalt  caused  it  to  crumble,  so  that  it 

would  not  hold  together,  and  the  rolling  received  from  the  traffic  was 

not  sufficient  to  keep  it  in  proper  condition. 

This  calls  attention  to  another  matter,  in  the  same  line,  viz., 
paving  with  asphalt  upon  old  blocks  in  general.  The  speaker  desires 
to  go  on  record  as  being  opposed  to  the  laying  of  asphalt  on  old  block 
pavement,  as  done  at  the  present  time  in  New  York  City.  The  condi- 
tion that  exists  is  as  foUows:  A  street  on  which  traffic  has  pounded  the 
blocks  down  securely  and  solidly  to  a  firm  and  unyielding  foundation 
is  to  be  repaved.  The  first  thing  that  is  done  is  to  remove  the  blocks, 
excavate  some  of  the  earth,  replace  it  with  a  sand  bed,  and  relay  the 
block  pavement  on  the  lower  grade,  thus  getting  the  foundation  into 
the  yery  condition  that  is  not  wanted,  viz.,  it  is  not  thoroughly 
compacted  and  is  easily  moved.  After  leaving  the  street  open  to 
traffic  for  longer  or  shorter  periods,  varying  according  to  the  condi- 
tions that  exist  and  the  demands  of  traffic,  the  asphalt  is  laid  upon 
these  blocks. 

Having  had  a  good  opportunity  to  observe  work  done  in  this 
manner,  it  is  the  speaker's  opinion  that  satisfactory  results  cannot  be 
obtained  thereby.  If  the  asphalt  could  be  laid  directly  upon  the  old 
blocks,  which  have  been  pounded  down  thoroughly  by  the  traffic,  good 
results  would  be  obtained,  but,  if  openings  are  to  be  made  in  the 
roadway  after  laying,  these  results  will  not  be  as  satisfactory  as  when 
a  uniform  foundation,  like  concrete,  is  laid. 

J.  M.  Evans,  Assoc.  M.  Am.  Soc.  C.  E. — The  criticism  has  been  Mr.  Evans, 
made  that  an  asphalt  pavement  must  be  subjected  to  a  rolling  process, 
similar  to  vehicular  traffic,  in  order  to  insure  it  remaining  in  place; 
and,  to  substantiate  this  claim,  certain  people  point,  with  more  or  less 
justification,  to  the  walks  in  our  parks  and  other  places,  such  as  plazas, 
footbridge  floors,  etc.,  where  the  asphalt  is  badly  cracked,  or  has  been 
displaced  by  frost. 

The  speaker  would  like  to  enquire  whether  this  is  a  fact,  or 
whether  it  is  the  fault  of  the  foundation  or  the  quality  of  the  material 
used  in  the  surface;  also,  if  asphalt  walks,  as  laid  at  the  present 
time,  are  as  durable  as  the  concrete  walks  of  the  so-called  granolithic 
and  kindred  variety? 
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Mr.  Evans.  As  fi^ranolithic  pavement  is  now  pnt  down,  with  joints  to  allow  ex- 
pansion, it  has  proved  very  efficient  in  New  York  and  other  cities. 
The  claim  is  made  for  it  that,  under  light  showers,  it  does  not  present 
as  greasy  and  slippery  a  surface  as  asphalt,  and  that  it  can  be  laid 
without  an  expensive  plant.  Is  it  practicable  to  lay  asphalt  with 
joints  to  allow  contraction,  and  thus  prevent  cracking;  and,  if 
so,  will  the  rolling  traffic  still  be  necessary  to  preserve  the  surface 
intact? 
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Discussion.* 


Bt  Messrs*  £.  W.  Hchodeb,  A.  V.  Saph  and  MANSFiEiiD  Mebbiman, 


£.  W.  ScHODBB,  Jan.  Am.  Soc.  C.  E.  (by  letter). — Bo  mnch  has  ap-  Mr.  Schoder. 
peared  in  recent  hydraulic  literatnref  about  the  use  of  logarithms  and 
logarithmic  cross-section  paper  in  plotting  the  results  of  experiments 
on  loss  of  head  in  pipes  that  it  seems  remarkable  that  the  author 
apparently  did  not  avail  himself  of  this  most  efficient  means  of  exam- 
ining his  results.  If  the  loss  of  head  varies  as  any  power  of  the  velocity, 
then  a  logarithmic  plotting  will  yield  a  straight  line,  and  if  the  **  fric- 
tion head  "  varies  approximately  as  the  velocity  head,  then  the  slope 
of  this  line  will  be  approximately  2.  Had  the  author  plotted  his 
results  in  this  manner  it  seems  extremely  doubtful  if  he  would  have 
proposed  the  formulas  which  he  did. 

The  writer  presents  in  Fig.  12  a  logarithmic  plotting  of  the  data  by 

*Thi8  discussion  (of  the  paper  by  Theron  A.  Noble,  M.  Am.  Soc.  C.  £.,  printed  in 
Proceedings  for  August,  1002),  is  printed  In  Proceedings  In  order  that  the  views  ex- 
pressed may  be  brought  before  ail  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  received  prior  to  November  21st,  190Bi,  will  be  pub- 
lished subsequently. 

t  Osborne  Reynolds,  F.  R.  S.,  In  Transactions,  Royal  Society,  Vol.  85. 

W.  E.  Foes.  Member,  Boston  Soc.  C.  £.,  in  Journal,  Association  of  Engineering 
Societies,  June,  1M94. 

Desmond  FltsGtorald,  Fast-President,  Am.  Soc.  C.  E.,  in  Transactions^  Am.  Soc.  C. 
E.,  Vol.  zzzv,  p.  241; 

Gardner  8.  Williams,  M.  Am.  Soc.  C.  E.,  in  Journal,  Association  of  Engineering 
Societies,  Mar.,  1901,  pp.  170-174; 

C.  W.  Sherman,  Assoc.  M.  Am.  Soc.  C.  E.,  in  Transcu:tions,  Am.  Soc.  C.  E.,  Vol. 
zliv,  p.  81; 

Messrs.  WllUami,  Hubbell  and  Fenkell,  in  Transactions^  Am.  Soc.  C.  E.,  Vol.  zlvii, 
p.  180; 

Messrs.  Saph  and  Schoder,  In  Transactions.  Am.  Soc.  C.  E.,  Vol.  zlvii,  p.  814. 

Undoubtecly  there  are  many  others  which  nave  not  come  to  the  writer^s  attention. 
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Mr.  Schoder.  the  author,  by  Messrs.  Marx,  Wing  and  Hoskins,  and  by  Arthnr  L. 
Adams,  M.  Am.  Soc.  C.  £.,  all  referred  to  in  the  paper. 

It  is  evident  at  a  glance  that  the  slope  of  the  lines  for  the  44-in* 
and  the  54rin.  pipes  is  less  than  2.  As  nearly  as  it  oan  be  scaled  the 
slope  for  both  these  lines  has  the  same  valne,  1. 73.  In  other  words, 
the  loss  of  head  in  the  anther's  experiments  varies,  not  as  the  square, 
but  as  the  l.Tdths  power  of  the  velocity. 

An  examination  of  Fig.  12  will  show  that  the  points  fit  the  lines 
much  better  than  in  the  author's  plotting  in  Fig.  10.  This  is  to  be 
expected,  in  view  of  the  fact  just  stated  concerning  the  actual  law  of 
variation.  The  author  has  carried  on  a  more  consistent  set  of  experi- 
ments than  he  himself  was  led  to  believe — a  most  unusual  occurrence. 

The  data  for  the  14-in.  pipe  give  the  same  slope,  1.73,  as  nearly  as 
can  be  Judged,  the  number  of  observations  being  too  few  to  render  an 
accurate  determination  possible. 

Upon  plotting  the  data  of  Messrs.  Marx,  Wing  and  Hoskins' 
experiments  on  the  Ogden  72-in.  pipe  the  writer  was  puzzled  by  the 
lack  of  harmony  of  the  results.  Considering  first  the  1897  experi- 
ments on  a  2  710-ft.  section,  the  slope  of  the  line  best  representing  the 
points  is  almost  the  same  as  for  the  14-in.,  44-in.  and  54-in.  pipes,  but 
the  centers  of  gravity  of  the  five  general  groups  of  points  do  not  even 
approximate  to  a  straight-line  effect.  Exercising  his  best  judgment, 
the  writer  has  drawn  the  dashed  line  in  Fig.  12.  This  line  is  parallel 
to  the  lines  for  the  three  smaller  pipes.  However,  if  equal  weight  be 
given  to  all  the  1897  observations,  the  slope  of  the  line  would  be 
appreciably  less  than  1.73. 

The  experiments  of  1899  on  the  long  section  (22  710  ft.)  give  a 
much  better  line,  the  slope  of  which,  however,  is  1.94 !  The  1899  ex- 
periments on  the  short  section  do  not  give  a  straight  line,  but  the 
points,  in  a  general  way,  check  roughly  the  evidence  of  the  long  sec- 
tion just  mentioned. 

How  is  this  condition  of  affairs  to  be  explained?  The  same  experi- 
menters on  the  same  pipe  line,  in  1897,  find  that  the  loss  of  head  varies 
about  as  the  1.73ths  power  of  the  velocity  and  in  1899  find  that  the 
variation  is  as  the  1.94ths  power  of  the  velocity  I  In  other  words,  for  the 
designed  capacity  of  the  pipe  line,  or  a  velocity  of  8f  ft.  per  second, 
the  1899  experiments  indicate  a  loss  of  head  about  40%  greater  than 
the  1897  experiments! 

Had  the  pipe  deteriorated  in  the  two  years?  The  author  states  that 
there  was  considerable  growth  in  the  64-in.  pipe  of  the  Seattle  water- 
supply  system  as  the  result  of  one  year's  service.  There  was  not 
enough,  however,  to  make  any  appreciable  difference  apparent  be- 
tween the  slopes  of  the  lines  for  the  44-in.  and  the  54-in.  lines.  It  is 
quite  certain  that  any  considerable  increase  of  roughness  of  the  in- 
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Mr.Schoder.  terior  wall  of  a  pipe  will   cause  the  Iobs  of  head  to  vary  with  an 
increased  power  of  the  velocity. 

The  writer  hopes  that  the  question  as  to  whether  there  was  any 
difference  in  the  interior  of  the  Ogden  line  at  the  two  times  of  experi- 
mentation, in  1897  and  1899,  may  be  answered,  either  by  carefnl 
examination  in  the  futnre,  or  another  set  of  experiments.  If  the 
latter  should  be  undertaken  it  is  hoped  that  somu  additional  device 
for  measuring  velocity  will  be  used  as  a  check  on  the  Venturi  meters, 
which  are  placed  just  beyond  curves  which  in  turn  follow  a 
breeches  pipe  or  Y-*  ^^^  result  is  that  the  water  reaches  the  meters 
in  a  very  much  disturbed  condition,  and,  as  a  consequence,  the  read- 
ings of  the  up-stream  piezometer  of  the  meter  are  far  more  unreliable 
than  if  a  long  stretch  of  straight  pipe  led  to  it.  The  higher  the 
velocity,  the  more  unreliable  do  the  indications  become,  so  that  at  a 
high  velocity,  where  measurements  are  generally  considered  most 
reliable,  they  are  here  most  unreliable. 

The  assumption  that  the  loss  of  head  varies  as  the  velocity  head, 
or  as  the  square  of  the  velocity,  is  undoubtedly  sufficiently  accurate 
for  most  cases  which  occur  in  designing  water-supply  systems,  espe- 
cially when  the  range  of  velocity  is  within  the  range  obtained  in 
reliable  experiments,  and  when,  as  is  usually  the  case,  the  pipe  line  in 
question  is  of  cast  iron  or  of  riveted  steel,  and,  perhaps,  in  addition,  is  a 
feeder  for  numerous  branch  lines.  In  the  case  of  long  wood  stave 
pipe  lines,  however,  which  are  perfectly  continuous,  as  in  the  case  of 
the  Ogden  and  Seattle  lines,  it  would  seiem  that  such  an  approxima- 
tion should  be  replaced  by  a  formula  which  more  nearly  expresses  the 
conditions.  The  only  question,  as  already  hinted,  is  as  to  the  de- 
terioration of  the  pipe  owing  to  spongy  or  slimy  growths,  but,  cer- 
tainly, if  it  be  foand  that  these  occur,  the  engineer  will  meet  the 
situation  by  devising  effective  means  for  cleaning  the  pipe  and  keep- 
ing it  in  the  condition  for  best  service. 

The  experiments  plotted  in  Fig.  12,  together  with  more  than  300 
experiments!  recently  performed  by  A.  V.  Saph,  Assoc.  Am.  Soo.  C.  E., 
and  the  writer,  on  fifteen  seamless  drawn  brass  pipes  varying  in  diam- 
eter from  iV  in.  to  2  ins.,  with  every  laboratoiy  facility  for  extreme 
accuracy,  furnish  some  remarkably  harmonious  evidence  concerning 
the  loss  of  head  in  smooth,  continuous  pipes. 

The  simplest  formula,  as  well  as  the  most  exact  one  for  such  pipes, 
is  of  the  form  Hj^-=m  F",  where  -H^is  the  loss  of  head  and  V  is  the 
velocity.  The  value  of  m  is  obtained  directly  from  the  logarithmic 
plotting  by  noticing  the  intercept  on  the  line  for  V=  1.  The  value  of 
n  is  equal  to  the  slope  of  the  line  drawn  through  the  plotted  points. 

*  See  description  by  Henry  Ooldmark,  M.  Am.  Soc.  C.  E.,  TranMictioff.  Am.  Soc. 
C.  E.,  Vol.  xxxviii.,  p.  m. 

t  Mr.  Saph  and  the  writer  hope  to  be  able  to  present  in  the  near  future  their  experi- 
mental data,  together  with  a  discussion  of  the  work  of  others. 
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The  formnlas,  of  the  form  Hj  =  m  F**,  for  the  four  pipes,  the  data  Hr.  Schoder. 
of  which  are  plotted  in  Fig.  12,  are : 

14.in.  Hj,  per  1  000  ft.  =0.300    F*-" 

44   *•  ••    **       «*       **  =0.126    F*" 

54   ii  4.    «4      II       *<   __  0.0815  F'-^' 

72   *•  (1897)**    •*       "       *•  =0.062     F*-^ 
72   *•  (1899)**    •*'     •«        *'   =0.048    F^-^ 

To  these*  may  be  added  the  formula  given  by  Mr.  Baph  and  the 
writer t  for  2.09-in.  seamless  drawn  brass  pipe: 

i^  per  1  000  ft.  =  2.62  F*-^® 

At  the  present  time  the  writer  does  not  desii-e  to  oomment  in  detail 
upon  these  formulas.  However,  he  would  again  point  out  the  dis- 
parity between  the  formula  for  the  1899  Ogden  series  and  the  formulas 
for  the  other  five  pipes.  Considering  the  variation  in  the  value  of  m 
in  these  formulas,  the  evidence  of  the  five  sets  of  experiments,  for 
which  the  exponents  of  V  are  practically  the  same,  shows  that  m 
varies  inversely  as  the  1.05ths  power  of  the  diameter.  This  power  is 
the  slope  of  a  line  obtained  from  a  logarithmic  plotting  of  the  diam- 
eter and  the  values  of  m.  It  appejirs  from  such  a  plotting  that,  for  the 
44-in.  pipe,  either  the  losses  of  head  are  about  18^  higher  or  the 
velocities  are  about  11^  lower  than  would  be  expected  fiom  the  indi- 
cations for  the  other  four  pipes.  The  author  himself  has  expressed 
surprise  at  the  non-conformity  of  the  results  of  the  44-in.  pipe  with 
those  of  the  54- in.  and  72-in.  pipes.  It  may  be  said,  however,  that 
the  data  for  the  44-in.  pipe  are  consistent  among  themselves,  and  the 
error,  if  any,  is  in  the  nature  of  a  constant  factor.  Indeed,  the 
author's  results  plot  up  on  logarithmic  paper  in  a  way  which  compels 
admiration  and  gives  strong  evidence  of  careful  work. 

In  conclusion,  the  writer  would  say  that  in  laboratory  work,  even 
when  the  utmost  care  is  exercised,  apparent  inconsistencies  are  often 
found,  but  it  is  nearly  always  possible  either  to  find  the  cause  or  else 
by  many  repeated  experiments  to  obtain  convincing  evidence  that 
unknown,  abnormal  causes  affected  certain  results.  Unfortunately, 
the  practicing  engineer  has  not  the  time,  nor  do  conditions  generally 
allow  such  procedure,  in  the  case  of  large  pipes  in  use.  But  the  evi- 
dence was  never  stronger  than  now  that  there  are  numerous  cases 
where  a  hydraulic  engineer  can  estimate  closely  the  performance  of  a 
pipe  line.  On  the  other  hand,  the  number  of  cases  is  legion  where 
only  rough  approximation  is  jastified.  The  writer  feels  that  it  is  in 
the  hope  that  the  dividing  line  may  be  more  clearly  marked  that  the 

*  Attention  should  be  called  also  to  the  results  of  Messrs.  Williams,  Hubbell  and 
Fenkell  on  an(*w  18-in.  cast  iron  pipe,  fcl^on  on  pages  189  and  181,  Tranaactionsy  Am. 
8oc  C.  E.,  Vol.  xlTli.  This  line  was  laid  with  great  care,  and  the  two  1 000-f  t.  experimental 
sections  were  preceded  and  followed  by  long  stretches  of  tangent.  The  values  of  m 
and  n,  in  the  equation  which  fits  this  pipe,  fall  with  remarkable  precision  where  they 
would  be  expected  in  the  logarithmic  plottings.    The  equation  as  given  is 

///per  1000  ft.  =0.8288  V  »"• 

t  Tranaactiona^  Am.  8oc.  C.  E..  Vol.  xlvii.,  p.  814. 
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Mr.  Scboder.  civil  engineer  reads  with  more  than  passing  interest  each  description 
of  new  experiments. 

Mr.  Saph.  A.  V.  Safh,  Assoc.  Am.  Soo.  C.  E.  (by  letter). — The  writer  has  been 
informed  by  Mr.  E.  W.  Schoder  as  to  the  nature  of  his  discussion 
on  this  paper,  so  that  there  will  be  no  need  of  attempting  a  com- 
plete discussion  of  the  results  of  observations  on  wood  stave  pipe  by 
plotting  them  logarithmically  and  obtaining  expressions  for  the  values 
of  m  and  n  in  the  general  formula  Hj=.m  V^.     For  these  quantities, 

k 
Mr.  Schoder  obtained  n  =  1. 73  for  most  of  the  experiments,  and  m-=.      ^j^ 

The  last  result  was  quite  a  surprise,  as  the  writer  would  have  predicted 
that  the  loss  of  head  should  depend  on  about  the  1.30ths  power  of  the 
diameter  instead  of  on  the  1.05ths.  One  would  naturally  be  led  to 
think  that  this  would  be  so,  as  all  discussions  in  regard  to  cast-iron 
pipe  would  have  shown  this  value,  as  may  be  seen  from  the  numerous 
formulas  of  the  form  H^^sm  V^,  which  have  been  proposed  in  late 
years. 

The  writer,  therefore,  has  plotted  the  observations  on  wood  pipes  and 
has  almost  checked  Mr.  Schoder,  as  far  as  the  value  of  n  is  concerned, 
but  would  extend  the  discussion  in  regard  to  the  manner  in  which  the 
values  of  m  depend  upon  the  values  of  the  pipe  diameter.  In  order  to 
obtain  this  relation,  the  values  of  m,  as  taken  from  a  direct  logarithmic 
plotting  of  the  observed  results,  are  themselves  plotted  on  a  logarith- 
mic sheet  as  ordinates  with  the  corresponding  diameters  as  abscissas. 
The  slope  of  the  resulting  straight  line  is  the  required  power  of  D,  and 
its  intercept  on  the  axis  (D  =  1)  is  the  value  of  the  constant  k.  If,  on 
such  a  plotting,  all  the  values  of  mare  considered,  without  any  attempt 
at  classifying,  the  mean  line  would  have  a  slope  of  1.05,  but,  in  draw- 
ing such  a  line,  it  will  be  noticed  that  a  number  of  points  are  situated 
at  quite  a  distance  from  it.  Assuming,  however,  that  the  n  for  the 
experiment  on  18-in.  pipe  is  1.74,  we  get  a  value  of  m  which,  taken  in 
connection  with  the  m  for  14- in.  pipe,  gives  a  line  having  a  slope  of 
1.29 — more  nearly  what  the  writer  believes  it  should  be.  The  experi- 
ments by  Mr.  Noble  considered  alone  would  lead  to  a  higher  value, 
but,  including  with  them  the  experiments  by  Messrs.  Marx,  Wing  and 
Hoskins,  and  taking  a  mean  line,  we  have  here  also  a  slope  of  about 
1.36.  The  two  lines,  however,  are  widely  separated,  indicating  a  large 
difference  in  the  values  of  the  constant  k,  which  is  about  0.360  for  the 
smaller  pipes  and  0.610  for  the  larger  ones.  These  values  apply  for 
losses  of  head  in  feet  per  1  000  ft.  of  length,  velocities  in  feet  per 
second,  and  diameters  in  feet. 

We  may  mention  in  addition,  the  experiment  on  24-in.  pipe  by  Mr. 
D.  C.  Henny,*  M.  Am.  Soc.  0.  E.,  which  is  usually  accredited  to  Mr. 
Gutilliufi.f    Mr.  Henny  says  that  the  experiment  is  not  reliable,  on 

*JoumeU^  Association  of  Engineering  Societies.  VoL  zxi,  1896. 
t  Tranaaetiona^  Am.  Soc.  C.  E.,  Vol.  zJ,  1898,  p.  602,  footnote. 
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accotint  of  the  manner  of  measuring  velocities,  bnt  it  may  be  intro-  Mr.  Sapb. 
dnced  here  in  order  to  assist  in  justifying  the  classification  we  have 
made.  For  a  velocity  of  1.147  ft.  per  second  the  value  of  c,  in 
V  =:i  c  s/  r  8,  was  127  (Rutter  /i  =  0.0103).  Upon  determining  the 
corresponding  m  (under  the  assumption  n  =  1.74),  we  fin4  the  experi- 
ment to  be  much  farther  removed  from  those  on  the  large  pipes  than 
were  the  experiments  by  Mr.  A.  L.  Adams,  and  if  proper  corrections 
were  made  it  would  probably  correspond  closely  with  those  on  smaller 
pipes.  The  writer  does  not  believe  that  these  corrections  could 
possibly  be  large  enough  to  bring  it  into  the  same  class  with  the 
experiments  by  Mr.  Noble  and  Messrs.  Marx,  Wing,  and  Hoskins. 
Judging  by  the  value  of  the  Rutter  n,  the  experiment  by  Mr.  Schuyler 
would  also  fail  into  the  same  class  with  those  on  smaller  pipes. 

The  writer,  therefore,  believes  that  all  available  experiments  on 
wood  pipe  fall  into  two  groups,  both  following  the  same  law  as  to  their 
dependence  on  the  velocity  and  the  pipe  diameter,  but  differing  con- 
siderably in  the  values  of  the  constant  k.  Even  from  a  consideration 
of  the  values  of  the  Rutter  n,  this  division  into  groups  is  made  neces- 
sary, and  the  same  grouping  is  reached  as  by  the  method  used.  The 
cause  of  the  differences  found  is  hard  to  determine.  Messrs.  Marx, 
Wing  and  Hoskins  have  said  that  the  differences  in  the  value  of  the 
Kutter  n  can  hardly  be  accounted  for  through  a  difference  in  the 
roughness  of  the  pipe  surface,  and  the  same  statement  applies  to  the 
differences  in  the  values  of  the  constant  k.  Curvature  suggests  itself, 
then,  as  a  possible  cause.  The  investigations  by  Messrs.  Williams, 
Hubbell,  and  Fenkell*  show  that  the  long,  easy  curves  cause  greater 
excess  losses  of  head  than  sharp  ones,  beyond  a  limiting  radius  which 
would  not  occur  in  wood  pipe  lines,  a  fact  which  has  a  particular 
bearing  on  large  wood  pipe  investigations.  The  curvature  effects, 
besides  depending  on  the  degree  of  curvature,  would  also,  in  a  long 
line  of  pipe,  depend  on  the  ratio  of  total  curved  length  to  total  true 
tangent  length.  Therefore,  in  the  experiments  by  Mr.  Noble,  as  well 
^  in  all  others  on  wood  pipe,  it  would  have  been  interesting  to  have 
had  some  data  in  regard  to  the  excess  loss  due  to  the  curves,  in  order 
to  account,  if  possible,  for  the  great  difference  in  experimental 
results,  and  also  to  afford  general  information  in  regard  to  curvature 
effects. 

It  will  also  be  noticed  in  connection  with  the  values  given  for  the 
velocities,  that  the  velocity  in  the  center  ring  is  always  less  than  that 
in  the  adjacent  ring.  Upon  plotting  these  velocities,  a  very  flat  curve 
results,  which  bears  but  little  resemblance  to  cycloids  or  ellipses.  This 
may  be  due  to  the  enlargement  at  the  well,  but  it  seems  hardly  prob- 
able that  it  can  be  wholly  accounted  for  in  this  way.  If  it  can  be, 
however,  it  would  lead  to  the  conclusion  that  velocity  curves  for  both 

*Tm,nsactiona^  Am.  Soc.  C.  E.,  Vol.  xJvil,  1902. 
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Mr.Saph.  enlargements  and  contractions  are  similar,  because  similar  curves  were 
obtained  by  Mr.  John  B.  Freeman  for  nozzles.'*' 

Reference  to  the  plan  of  the  64-in.  pipe  shows  that  Piezometer  A 
was  situated  at  the  point  of  tangency  of  a  curve,  and  that  there  waa 
only  a  short  length  of  tangent  between  Piezometer  A  and  the  well. 
Therefore,  it  would  be  interesting  to  know  if  the  individual  velocities 
as  measured  showed  any  appreciable  effect  due  to  the  curve  above. 
The  flattened  velocity  curves  might  be  accounted  for  in  this  way,  aa 
similar  velocity  curves  are  obtained  by  taking  corre&ponding  points 
from  the  velocity  contour  map  f  presented  by  Mr.  Schoder  and  the 
writer  in  connection  with  their  discussion  of  the  paper  by  Messrs. 
Williams,  Hubbell  and  Fenkell.  If  curvature  effects  are  shown  at  the 
well,  the  averaging  of  observation  to  get  the  velocities  in  the  rings 
would  lead  to  restdts  somewhat  in  erro^.  For  the  same  reason. 
Piezometer  A  would  read  low  and  account  for  that  part  of  the 
difference  between  the  water  heights  at  Piezometer  A  and  the  well 
which  has  not  already  been  accounted  for  except  through  possible 
errors.  However,  the  full  natural  effect  of  the  curve  might  not  have 
shown  itself  on  account  of  the  reversal  of  curvature  above. 

Mr.  Noble's  experiments  show  careful  and  intelligent  work,  and 
have  advanced  materially  our  knowledge  of  the  resistances  to  the  flow^ 
of  water  in  wood  stave  pipes.     There  is  a  need,  however,  for  more  ex« 
'  periments  of  the  same  kind,  especially  on  diameters  between  18  ins. 

and  44  ins.,  and,  when  these  are  performed,  it  is  hoped  that  the  effects 
of  the  curves  will  be  investigated. 

MANSFiEiiD  Mebbiman,  M.  Am.  Soc.  C.  E.  (by  letter). — The  quantity, 
bf  which  is  found  in  the  formulas  on  pages  504-^05^,  does  not  appear 
to  be  due  to  accidental  errors  of  observation,  but  probably  results 
from  some  constant  cause.  From  an  inspection  of  the  results  given  in 
Fig.  11,  it  is  seen  that  the  highest  velocities  occurred  in  the  44-in.  pipe» 
for  which  the  value  of  b  is  0.188,  and  that  the  lowest  velocities  occurred 
in  the  14-in.  pipe,  for  which  the  value  of  b  is  0.020,  while  for  the  other 
pipes  both  the  velocities  and  the  values  of  b  lie  between  these  limits. 
This  is  more  clearly  shown  by  Table  No.  6. 


Mr.  Merriman. 


Diameter  of  pipe  (inches) . , . . 

(ireatest  velocity. . . ., 

Least  velodiy 

Average  velocity 

Value  of  6 


TABLE  No.  6. 

'        4.7 
1.2 
2.5 

0.081 

1 

1 

44 
4.4 

8.5 
4.1 
0.188 

54 
4.6 
2.8 
8.4 
O.OW 

14 

1.6  ft.  per  second. 
0.7 

10              " 

0.090 

*  Tranaactiona^  Am.  Soc.  C.  E.,  Vol.  xxi,  1889. 

+  Transactions,  Am.  Soc.  C.  E.,  Vol.  xlvil,  p.  801, 1902. 

t  Proceedings^  Am.  Soc.  C.  E.,  for  August,  1902. 
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These  values  of  b,  at  first  sight,  appear  to  have  little  relation  to  the  Mr.Merriman. 
diameter  of  the  pipe,  but  it  is  plain  that  they  increase  with  the  average 
velocity  under  which  the  observations  were  made. 

Boughly,  the  four  values  of  b  deduced  by  the  author  are  propor- 
tional to  the  squares  of  the  foregoing  average  velocities  in  the  four 
sets  of  observations,  as  shown  in  Table  No.  7. 

TABLE  No.  7. 


(Avera^  F)» 
(Average  V}* 
Value  of  b 


:h 


lOV 


1.0 

0.010 

0.080 


Now,  as  the  square  of  a  velocity  is  closely  proportional  to  the  lost 
head,  it  is  clear  that  b,  for  any  set  of  observations,  should  be  approxi- 
mately proportional  to  the  average  head,  H,  under  which  that  set  was 
made.  Several  experiments  made  under  high  heads  should  give  a 
higher  value  of  b  than  several  made  under  low  heads.  This  is  seen  to 
be  the  case  with  the  four  series  represented  graphically  in  Fig.  10. 

A  probable  reason  has  occurred  to  the  writer  why  the  systematic 
errors  represented  by  b  appear  m  the  formulas  deduced.  It  is  that  the 
piezometer  readings  do  not,  give  the  exact  hydraulic  gradient  which 
corresponds  to  the  mean  velocity  of  flow  in  the  pipe.  The  piezometers 
measure  the  pressures  at  the  circumference  of  the  pipe  where  losses 
occur  by  both  sliding  and  eddying  friction.  These  friction  al  losses  are 
probably  greater  than  those  which  prevail  for  a  filament  where  the 
velocity  is  equal  to  the  mean  velocity.  If  so,  the  hydraulic  gradient 
obtained  by  taking  difierences  of  piezometer  readings  has  a  steeper 
slope  than  that  corresponding  to  the  mean  velocity  of  flow.  Hence 
the  losses  of  head  per  thousand  feet,  represented  by  H,  are  too  great, 
and  it  has  been  shown  that  they  are  greater  for  large  friction  heads  than 
for  small  ones.  The  quantity,  h,  from  this  point  of  view,  is  a  correction 
to  be  applied  to  the  observed  friction  head,  H,  in  order  to  give  the  true 
friction  head,  H  —  6,  which  corresponds  to  the  mean  velocity,  V. 

The  writer  puts  forth  this  hypothesis  as  a  tentative  one,  only,  trust- 
ing that  it  may  lead  to  further  discussion.  He  is  not  fully  convinced 
that  the  hypothesis  gives  the  true  reason  why  b  appears  in  the  for- 
mulas, but  that  tiie  values  of  b  vary  with  the  average  velocity  head  in 
the  difiTerent  sets  of  observations  appears  to  be  fully  established  by  the 
data  of  the  paper. 

Using  the  author's  notation,  the  formula  for  the  mean  velocity,  V, 
in  a  pipe  of  diameter  D,  due  to  a  loss  of  head  of  H  feet  per  thousand,  is 

V=eV'l)(H'^b). 

Now,  as  b^  is  small  compared  with  H,  an  approximate  value  of  F*  is 
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Mr.  Merriman.  ^  D  H,  and  as  it  has  been   shown  that  h,  for  these  wood  pipes,  is 
closely  proportional  to  F',  an  algebraic  expression  for  it  is, 

b  =  constant  X  ^  DR. 
The  quantity  &,  therefore,  turns  out  to  be  proportional,  both  to  the 
friction  head,  as  deduced  from  the  piezometer  readings,  and  to  the 
diameter  of  the  pipe. 

The  values  of  h  computed  from  this  expression,  taking  the  constant 
as  0.009,  are  shown  in  Table  No.  8.  A  comparison  of  these  with  the 
values  deduced  by  the  author  shows  an  agreement  which  is  perhaps 
sufficiently  close  to  give  some  support  to  the  hypothesis  advanced  by 
the  writer. 

TABLE  No.  8. 


Nominal  diameter  (inches) 

Diameter  D 

14 

1.17 
1.80 
0.80 
0.010 
0.080 

44 

«.n 

l.W 
1.48 
0.178 
0.188 

64 
4.60 
8.09 
0.70 
0.114 
0.080 

78 
6.04  fL 

Value  of  c ^ 

8.00 

Average  H 

0.81ft. 

0.009  e*  DH=  b 

0.067 

Author's  b 

O.OBl 

Substituting  the  algebraic  expression  for  h  in  the  foregoing  velocity 
formula,  it  becomes, 

F=  e  V'D(£f— 0.009  «•  Dff), 
in  which  the  quantity,  0.009  ^  D  H,  may  be  regarded  as  a  correction  to 
be  subtracted  from  the  observed  friction  head,  B^  in  order  to  reduce 
it  to  the  friction  head  which  corresponds  with  the  mean  velocity,  V. 

The  single  observation  made  by  Mr.  A.  L.  Adams  on  an  18-in.  wood 
pipe  furnishes  the  data  for  computing  e  by  the  help  of  the  foregoing 
formula,  as  all  the  other  quantities  are  known.  Thus,  from  V=  3.63  ft. 
per  second,  H  =^  1.97  ft.  per  thousand,  and  i)  =  1.60  ft.,  there  is  found 
e  =  2.18,  and  then  0.009  ^  DH^  0.128,  whereas, 

F=  2.18  y/ B[H  -0.128)  =  2.67  i/]7— 0.128 
is  the  formula  for  this  wood  pipe  under  the  given  data.  Had  the 
observation  been  taken  under  a  smaller  head,  the  value  of  h  would  have 
been  smaller.  The  interpolated  values  for  this  case  given  by  the  author 
on  page  505*,  are  e  =  1.82  and  h  =  0.041.  The  above  discusnion  indi- 
cates, however,  that  interpolation  in  this  case  is  not  fully  justified,  for, 
although  18  ins.  lies  between  14  and  44  ins.,  the  mean  velocity  and  the 
friction  head  for  the  18-in.  pipe  are  outside  of  the  limits  of  those 
observed  on  the  other  two  pipes,  as  is  seen  by  Fig.  11. 

The  values  of  the  coefficient,  e,  deduced  by  the  author,  generally 
increase  with  the  diameter  of  the  pipe.  This  is  in  agreement  with  the 
law  usually  found  to  hold  for  pipes  and  conduits.  How  e  varies 
wit<h  Hf  however,  is  not  apparent  from  the  data.  According  to  Kut- 
ter's  formula,  e  should  increase  with  H  when  the  hydraulic  radius  of 

*  Proceedings^  Am.  Soc.  C.  E.,  for  August,  1908. 


Papers.]      DISCUSSIOK  ON  FLOW   OF  WATEB  IK  WOOD   PIPB&     757 

the  pipe  is  less  than  one  meter,  and  this  is  the  case  with  all  these  wood  Mr.  Merriman. 
pipes.  Aocording  to  Bazin's  formula,  e  shonld  be  independent  of  H, 
It  is  clear  that  the  inflaenoe  of  ETnpon  e  will  be  much  less  than  that 
of  2>.  The  writer  has  made  several  attempts  to  deduce  a  formula  for 
e  in  terms  of  H  and  D,  from  the  author's  data,  but  they  have  not  been 
suffioientlj  successful  to  record  here.  Probably  the  different  degrees 
of  roughness  of  the  pipes  obscure  the  influence  of  the  different  heads. 
For  the  present  and  immediate  future  the  values  of  e  deduced  by  the 
author  in  his  interesting  and  valuable  paper  must  be  used  for  wood 
pipes,  but  the  present  discussion  indicates  that  the  probable  value  of 
the  quantity,  b,  may  advantageously  be  computed  from 

6  =  0.009  6*2)^. 
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A  PROPOSED  NEW  TYPE  OP  MASONRY  DAM. 

Discussion.* 


By  George  L.  Billman,  M.  Am.  Soc.  C.  £. 


Mr.  Diiiman.       GsoBGE  L.  DUiLMAN,  M.  Am.   Soc.  0.  E.  (b J  letter). — Bigcassion 
has  developed  the  following  criticisms: 

1st.  The  mass  is  not  sufficient — Mr.  Parsons  says  that  this  is  on  ac- 
count of  stability  against  sliding  and  overturning;  Mr.  Abbott  says 
it  is  on  account  of  difficulties  in  making  the  dam  tight. 

According  to  the  generally  accepted  laws  of  friction  (which  are 
wrong,  but  which  need  not  be  discussed  here),  any  decrease  in  mass 
decreases  the  factor  against  sliding,  but  it  is  distinctly  against  ele- 
mentary engineering  to  say  of  stability  against  overturning:  '*  The 
important  factor  is  to  have  mass,  rather  than  little  mass  mathemat- 
ically placed.''  If  mass  alone  is  to  be  considered,  what  difference  does 
the  shape  make?  The  ''standard  types"  might  be  built  upside 
down. 

Tightness  is  considered  further  on. 

2d.  The  stresses  are  not  determinable. — The  stresses  i^ay  not  be  meas- 
urable, but  they  are  more  nearly  determinable  than  stresses  in  a 
uniform-sectioned  dam,  because  the  point  where  the  water  is  cut  off 
is  more  nearly  known. 

The  internal  stresses  caused  by  the  setting  of  the  concrete  masonry 
are  probably  not  different  from  a  uniform  sectioned  dam.  Were  these 
large  enough  for  danger,  it  is  certain  that  each  buttress  would  have 
to  stand  for  itself,  as  the  thin  part  of  the  wall  would  transmit  no  large 
strain  to  the  next  buttress. 


*ContiDued  from  September,  1902,  Proceedings.    See  April,  1908,  Proceedings  for 
paper  on  this  subject  by  George  L.  Dillman,  M.  Am.  Soc.  C.  £. 
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As  for  external  forces,  weight  will  act  through  the  center  of  gravity  Mr.  Dilimaa. 
more  certainly  than  in  a  dam  in  which  water  penetration  is  unknown. 
The  same  can  be  said  of  the  center  and  direction  of  water  pressure. 
It  should  be  noted  that  the  unit  can  be  considered  from  center  to 
center  of  arches  as  well  as  from  center  to  center  of  buttresses. 

3d.  The  plani  is  difficult  to  execute  and  expensive  to  build. — This  criti- 
cism is  made  most  frequently  by  those  who  speak  of  a  out-stone  face. 
The  writer  has  no  idea  of  using  cut  stone  or  even  coursed  masonry  in 
a  dam,  except  for  coping  and  trimming.  Bubble  and  concrete  are  the 
materials  for  such  work  to-day.  Even  rubble  is  getting  to  be  inexpe- 
dient, except  to  save  cement  when  the  haul  is  expensive. 

The  curved  surface  can  be  developed  into  a  plane,  so  that  either  the 
frames  or  the  lagging  of  the  forms  can  be  straight  lumber.  For  dams 
of  considerable  size,  frames  should  probably  be  up  and  down,  and  the 
lagging  bent  to  these  straight  frames.  For  lower  dams,  when  the  curv- 
ature is  sharper,  probably  horizontal  frames  with  up  and  down  lag- 
ging might  be  better.  In  either  case,  the  cost  is  not  excessive,  and  the 
parabolic  is  as  cheap  as  any  other  curved  form. 

The  writer  is  engaged  now  in  putting  in  some  eoncreie  dam  work 
in  which  he  is  using  cylindrical,  trnncated'conieal,  elliptical  and  para- 
bolic forms,  and,  except  for  a  few  minutes  with  his  carpenter  fore- 
man on  each  new  shape,  cannot  see  that  there  is  any  trouble,  or  much 
difference  in  cost  between  them  and  straight  forms.  There  is  no  more 
lumber  used  than  would  be  used  in  a  broken  surface  approximating 
the  curve.  The  cost  of  band-sawing  the  frames  is  insignificant,  and  a 
yard  of  concrete  is  rammed  against  a  curved  form  as  cheaply  as  against 
a  straight  one. 

40i.  A  thin  wall  cannot  be  made  iigJU. — Mr.  Fuller  has  replied  ^  this 
criticism  by  saying:  *'It  would  probably  be  easier  to  make  the  thin 
wall  tight  than  the  thick  one. "  That  has  also  been  the  writer's  expe- 
rience. 

There  b  another  consideration :  If  a  dam  cannot  be  made  tight  at 
its  up-stream  face,  it  is  a  mistake  to  tighten  it  at  all.  The  up-stream 
face,  if  not  tight,  should  be  the  most  nearly  tight  surface.  All  water 
passing  it  should  be  allowed  to  escape  withoat  exerting  further  press- 
ure. The  penetration  of  water  to  some  tighter  surface  is  the  principal 
source  of  doubt  in  dam  stresses.  Such  penetration  practically  shifts 
the  center  of  gravity  and  the  direction  of  water  pressure. 

5th.  It  is  not  the  most  economical  of  its  doss. — No  such  claim  was  made; 
but  the  Ogden  Bam,  with  a  steel  face  anchored  to  bed-rock  or  massive 
concrete  to  stand  tension,  is  hardly  in  the  same  class.  Economy  is 
not  the  best  point  in  the  proposed  type.  Increased  factors  of  safety, 
and  chance  for  inspection  and  repair  are  of  much  more  importance. 

The  dimensions,  batters,  curves,  specific  gravity  of  the  masonry, 
and  the  allowable  strain  used,  were  adopted  for  purposes  of  fair  com- 
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^r.  Diiiman.  parison,  simplicity  and  the  avoidance  of  certain  criticisms.  The  gen- 
eral type  of  bnttrcHsed  wall  can  be  cheapened  materially  beyond  the 
particular  one  analyzed. 

6(h,  It  is  not  new, — It  seems  to  the  writer  that  finding  ont  what  has 
been  done,  and,  therefore,  with  certainty  what  can  be  done,  is  fully  as 
important  to  successful  engineering  as  new  discoveries.  Besides,  it 
was  absolutely  new  to  the  writer  when,  in  the  prosecution  of  work,  he 
discovered  it.  It  seemed  new  to  some  of  his  friends  to  whom  he 
showed  it.  It  could  not  have  been  '*  readily  found  elsewhere,"  or  the 
Publication  Committee  of  the  Society  would  not  have  published  it. 
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MEMOIRS  OF  DECEASED  MEMBERS. 

NoTB.— Memoirs  will  be  reproduced  in  the  Volumes  of  Trantactiona.  Any  Informa- 
tion which  will  amplify  the  records  as  here  printed,  or  correct  any  errors,  should  be 
forwarded  to  the  Secretary  prior  to  the  final  publication. 


MILTON  GROSYENOB  HOWE,  M.  Am.  See.  G.  £.* 


Died  Junb  19th,  1902. 


Milton  Grosvenor  Howe  was  born  at  Methnen,  Massachnsetts,  on 
Angnst  16th,  1834. 

He  was  graduated  from  Dartmouth  College  in  1854,  haying  taken 
both  the  academic  and  scientific  courses.  His  first  work  was  on  a 
survey  for  a  road  which  was  projected  to  run  north  from  Saratoga, 
New  York,  through  the  Adirondacks  to  Sackett's  Harbor.  The  survey* 
ing  party,  in  charge  of  the  late  John  Newell,  M.  Am.  8oc.  C.  E.,  spent 
a  winter  in  the  mountains,  but  the  road  was  never  built. 

In  1865  Mr.  Howe  went  to  Illinois,  and  was  employed  on  the 
Illinois  Central  Bailroad  until  the  panic  of  1857  caused  the  stoppage 
of  all  construction.  His  next  work  was  in  Iowa,  but  the  stringency 
in  the  money  market  made  business  dull,  and  he  found  himself  at  the 
beginning  of  winter  without  occupation.  Having  a  fondness  for  study, 
he  decided  to  put  in  the  time  reading  law,  and  so  rapidly  did  he 
acquire  knowledge  that  in  the  spring  he  passed  the  examinations  and 
was  given  a  license  to  practice.  He  was  devoted  to  engineering,  how- 
ever, and,  believing  that  greater  opportunities  existed  in  the  South- 
west, besides  desiring  a  warmer  climate,  he  went  to  Texas  in  the  fall 
of  1859,  and  entered  the  service  of  the  Houston  and  Texas  Central 
Bailroad. 

At  the  beginning  of  the  war  he  enlisted  in  the  Army  of  the  Con- 
federacy as  a  volunteer  in  Company  A  of  the  Twenty -sixth  Texas 
Cavabry,  De  Bray's  Begiment.  Within  a  year  he  was  transferred  to 
the  Engineering  Corps  and  given  the  rank  of  Captain.  He  was  an 
ardent  exponent  of  the  cause  of  the  South,  and  it  was  by  his  skill  as  an 
engineer  and  inventor  that  two  of  the  five  cannon  used  so  effectively 
in  the  battle  of  Sabine  Pass  were  improvised. 

At  the  close  of  the  war  Captain  Howe  again  entered  the  service  of 
the  Houston  and  Texas  Central  Bailroad,  and  held  the  positions  of 
Chief  Engineer,  General  Superintendent  and  Division  Superintendent. 

in  1885  he  was  made  Beceiver  of  the  Houston,  East  and  West  Texas 
Bailroad.  After  this  road,  under  his  able  management,  had  passed 
from  under  the  Beceivership,  he  became  Vice-President  and  General 

*  Memoir  prepared  by  the  Secretary  from  information  furnished  by  Mrs.  M.  O. 
Howe. 
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Manager.  In  1897,  on  account  of  poor  health,  he  retired  from  active 
work.  In  1899  Captain  Howe  was  appointed  Chief  Engineer  of  the 
Houston  and  Texas  Central  Railroad,  but  resigned  within  the  year, 
owing  to  poor  health. 

Many  of  Captain  Howe's  best  efforts  were  directed  toward  advanc- 
ing the  interests  of  the  City  of  Houston,  of  which  he  was  an  alderman 
for  six  years. 

In  1873  he  was  married  to  Miss  Jessie  W.  Briscoe,  who,  together 
with  one  son,  Mr.  Milton  Howe,  of  the  Engineering  Department  of  the 
Houston  and  Texas  Central  Bailroad,  survives  him. 

Mr.  Howe  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  October  16th,  1872.  He  was  appointed  a  Director  on 
October  21st,  1901,  to  fill  the  unexpired  term  of  the  late  Qeorge  A. 
Quinlan,  but  at  that  time  was  in  such  poor  health  that  he  had  to  de- 
cline the  appointment.       

MOBITZ  LASSIG,  M.  Am.  Soc.  €.  E.* 


Died  Januabt  7th,  1902. 

Moritz  Lassig  was  born  in  Bochlitz,  Saxony,  on  January  23d,  1831. 

He  attended  the  Architectural  School  in  Chemnitz,  and,  having 
completed  his  studies  there,  came  to  America,  where  he  arrived  in  the 
spring  of  1851.  In  the  fall  of  the  same  year  he  settled  in  Chicago, 
having  accepted  a  position  as  Engineer  and  Superintendent  with  the 
firm  of  L.  B.  Boomer  and  Company,  later  the  American  Bridge  Com- 
pany, of  Chicago.  This  position  he  held  until  1863.  From  1871  to 
1881  he  was  engaged  in  designing  and  constructing  bridges  throughout 
the  West. 

In  the  year  1876  he  established  his  own  shop  on  South  Clark 
Street,  near  Sixteenth  Street.  The  present  shop,  at  Clybourn  and 
Wrightwood  Avenues,  at  which  he  achieved  his  principal  success  as  a 
bridge  builder,  was  founded  about  1885.  In  1881  he  formed  a  partner- 
ship with  John  P.  Alden,  under  the  names  Lassig  and  Alden  Bridge 
and  Iron  Works  of  Chicago,  and  Alden  and  Lassig  Bridge  and  Iron 
Works  of  Rochester,  New  York.  Mr.  Lassig  was  active  as  the  Presi- 
dent and  guiding  spirit  of  the  Lassig  Bridge  and  Iron  Works  until  the 
fall  of  1900,  when  he  sold  his  interests  to  the  American  Bridge  Com- 
pany and  severed  his  connection  with  the  firm. 

He  was  on  the  eve  of  departure  for  Europe,  having  made  all 
arrangements  to  leave  Chicago  on  January  8th,  but  was  overtaken 
suddenly  by  death.  His  remains  have  been  interred  at  Heidelberg, 
Germany. 

*  Memoir  prepared  by  the  Secretary  from  information  furnished  by  Sir.  Henry 
Bartholomay,  Jr.,  and  from  papers  on  flie  at  the  Society  House. 
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His  widow,  Marie  Lassig,  and  two  married  daughters,  Mrs.  Emma 
Bartholomaj  and  Mrs.  Ida  Olinger,  survive  him. 

Moritz  Lassig  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  April  2d,  1884.  He  was  also  a  Member  of  the 
"Western  Society  of  Engineers,  of  the  Technical  Club,  *  Concordia 
Masonic  Lodge,  Germania  Mannerchor,  and  the  Chicago  Bchuetzen 
Yerein. 


OSCAB  F.  WHITFORD,  M.  Am.  Soe.  C.  £.* 


Deed  May  218T,  1902. 


Oscar  F.  Whitford;  third  child  and  second  son  of  Earl  Hartwell  and 
Asenath  (Palmer)  Whitford,  was  bom  on  July  15th,  1833,  in  the  Town 
of  Northumberland,  Saratoga  County,  New  York.  He  lived  on  his 
father's  farm  until  he  grew  to  manhood,  attending  district  schools, 
Schuylerville  Academy,  and  a  preparatory  school  at  Charlotteville, 
New  York. 

After  being  graduated  from  Union  College,  Schenectady,  New 
York,  in  the  classical  course,  in  1858— having  taken  a  part  of  the 
engineering  course  as  extra,  under  Professor  Gillespie — he  went  to 
Mississippi,  where  he  taught  school  and  sold  machinery  until  1861, 
when  he  retamed  to  Union  College  and  took  a  post-graduate  course 
in  chemistry,  receiving  the  degree  of  A.M. 

In  1862  he  was  a  volunteer  in  the  United  States  Army  for  four 
months,  to  escort  and  protect  emigrants  crossing  the  Western  Plains 
and  Bocky  Mountains. 

After  this  service  he  engaged  in  gold  mining  enterprises  in  Califor- 
nia and  Idaho.  He  left  this  work  to  accept  the  Chair  of  Mathematics 
and  Civil  Engineering  in  the  People's  College  at  Havana.  New  York, 
now  Montour  Falls. 

For  a  period  of  ten  years,  up  to  1876,  he  was  employed  on  the  New 
York  State  Canals,  in  the  Engineering  Department,  in  charge  of  work, 
first  on  the  Chenango  Canal  and  afterward  on  the  Erie  Canal. 

Leaving  this  service  he  engaged  in  lead  mining  in  Missouri  for  two 
years,  after  which  he  was  an  engineer  on  the  construction  of  the  South- 
em  Kansas  Railroad  for  a  year. 

The  following  year,  1880,  was  taken  up  in  testing  cements  and  in 
the  duties  of  general  storekeeper  for  the  Plattsmouth  Bridge. 

Silver  and  gold  mining  in  Colorado  and  Mexico  occupied  his  atten- 
tion from  1881  to  1887.  During  the  last  two  years  of  this  period  he 
was  Superintendent  of  the  Santa  Barbara  Mines  at  Chihuahua. 

•  Memoir  prepared  by  8.  J.  FieldSvM.  Am.  Soc.  C.  E. 
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From  1888  to  1890  he  was  employed  as  Engineer  for  contractors  on 
railroads  for  the  Chilean  Government.  Returning  to  the  United  BtateB 
he  was  engaged  as  Assistant  Engineer  on  the  Michigan  Central  Rail- 
road, then  as  General  Inspector  in  the  Bureau  of  Engineering  of  the 
City  of  Buffalo,  New  York,  up  to  1898.  From  that  year  up  to  the 
time  of  his  death  he  was  occupied  with  various  engineering  enter- 
prises. 

He  was  a  man  of  kind  disposition  and  remarkably  even  tempera- 
ment. He  was  loyal  to  his  friends,  kind  and  considerate  to  his  sub- 
ordinates. 

He  was  unmarried,  and  is  survived  by  two  brothers  and  a  sister. 

Mr.  Whitford  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  December  6th,  1871,  and  contributed  to  the  TVofu- 
actions&p&pGr*  entitled  *'  Closing  Breaks  in  Canals,  under  DiflSculties. " 

♦  TranMctions^  Am.  Soc.  C.  E.,  Vol.  11,  p.  161. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY, 


November  5tli,  190a — The  meeting  was  called  to  order  at  8.40 
p.  M.,  Budolph  Hering,  M.  Am.  Soo.  C.  E.,  in  the  ohair;  Charles  War- 
ren Hunt,  Secretary;  and  present,  also,  98  members  and  18  visitors. 

The  minntes  of  the  meetings  of  October  1st  and  15th,  1902,  were 
approved  as  printed  in  Proceedings  for  October,  1902. 

A  paper  entitled  '*  The  Footbridge  for  Bnilding  the  Gables  of  The 
New  East  River  Bridge,"  was  presented  by  the  anthor,  Isaac  Harby, 
Jan.  Am.  Soc.  C.  E.,  and  illustrated  with  lantern  slides.  The  subject 
was  discussed  by  Wilhelm  Hildenbrand,  M.  Am.  Soo.  C.  E. 
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Ballots  for  membership  "were  caDvassed,  and  the  following  candi- 
dates were  elected: 

As  Membek. 

Ultsses  B  Hough,  Kellogg,  Idaho. 

As  Associate  Membebs. 

Hebbebt  James  Chambebs,  New  York  Citj. 

Feed  Ktffus  Davis,  Juneau,  Pa. 

Leonabd  Henby  Davis,  Sault  Ste.  Marie,  Out. ,  Canada. 

Alvah  Benjamin  Diehb,  Memphis,  Tenn. 

William  Hale  Ham,  New  York  City. 

WiNFBED  Dean  Hubbabd,  Concord ,  Mass. 

Joel  Juk  Pemoff,  New  York  City. 

Joseph  Jeanes  Walkeb,  New  York  City. 

The  Secretary  announced  the  election  of  the  following  candidates 
by  the  Board  of  Direction  on  November  4th,  1902: 

As  JUNIOBS. 

Gboboe  Jacob  Davis,  Jr. ,  Washington,  D.  C. 

Eduabdo  Obtiz,  Mexico  Citv,  Mexico. 

Geoboe  Theophanes  Pabaschos.  Constantinople,  Turkey. 

Edmund  Moobe  Bhett,  Washington,  D.  C. 

Fbane  Maubiob  Weaveb,  Philadelphia,  Pa. 

The  Secretary  announced  the  death  of  Geoboe  Henby  Mendbll, 
elected  Member  September  6th,  1876;  died  October  19th,  1902. 

Adjourned. 

November  19th,  190a. — The  meeting  was  called  to  order  at  8.40 
p.  M.,  Emil  Kuichling,  Director,  Am.  Soc.  C.  E.,  in  the  chair;  Chas. 
Warren  Hunt,  Secretary;  and  present,  also,  112  members  and  11 
guests. 

A  paper,  entitled,  *' An  Alternative  Line  for  the  Nicaragua  Canal, 
and  a  Proposed  New  Method  of  Dam  Construction,"  by  J.  Francis  Le 
Baron,  M.  Am.  Soc.  C.  E.,  was  presented  by  the  Secretary,  who  also 
read  a  communication  on  the  subject  from  L.  M.  Haupt,  M.  Am.  Soc. 
C.  E. ,  and  exhibited  a  set  of  lantern  slides,  illustrative  of  the  Nica- 
ragua Canal,  sent  by  H.  de  B.  Parsons,  M.  Am.  Soc.  C.  E. 

The  subject  was  discussed  by  Messrs.  Alfred  Noble,  P.  C.  Hains, 
Edward  P.  North  and  Edward  Wegmann. 

The  Secretary  announced  the  death  of  John  Woodbbidoe  Davis, 
elected  Associate  June  3d,  1885;  died  November  7th,  1902. 

Adjourned. 
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OP  THB  BOARD  OP  DIRECTION. 

(Abstract.) 

November  4th,  190a. — Yioe-President  Haines  in  the  Chair;  Charles 
Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Briggs,  Croes, 
Jackson,  Knap,  Enichling,  Pegram,  Seaman  and  Swain. 

The  Secretary  was  instructed  to  prepare  and  publish  an  additional 
Catalogue  of  the  Library  of  this  Society,  covering  additions  to  the 
Library  since  the  first  Catalogue  was  issued,  about  2^  years  ago. 

On  the  invitation  of  the  Managers  and  Faculty  of  Swarthmore 
College,  Henry  B.  Seaman,  M.  Am.  Soc.  C.  E.,  was  appointed  to  rep- 
resent this  Society  at  the  inauguration  of  Joseph  Swain,  LL.D.,  as 
President  of  Swarthmore  College,  on  November  15th,  1902. 

The  Secretary  reported  the  receipt,  through  the  executor  of  Herbert 
Steward,  deceased,  of  $1  940,  to  be  known  as  the  Herbert  Steward 
Library  Fund.  The  income  of  this  fund  is  to  be  used  annually  for 
the  purchase  of  books,  etc.,  for  the  Library. 

The  appointment  of  a  Committee  was  authorized  to  take  up  the 
question  of  an  exhibit,  in  the  name  of  the  Society,  at  the  World's 
Fair,  St.  Louis,  1904;  and  also  to  take  such  action  as  may  be  deemed 
necessary  in  interesting  members  of  the  Society  in  general  in  an 
engrineering  exhibit. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

Five  candidates  for  Junior  were  elected. 

Adjourned. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  is  opeo  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  of  July,  Thanksjiving  Day  and 
ChristuMS  Day. 

MEETINQS. 

Wednesday,  December  3d,  190a.— 8.30  p.  m. — ^A  regular  bnamess 
meeting  will  be  held.  Ballots  for  membersliip  will  be  canvassed,  and 
a  paper  bj  A,  0.  Dennis,  M.  Am.  Soc.  C.  E.,  entitled  '*  Virtual  Grades 
for  Freight  Trains,"  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings, 

Wednesday,  December  17th,  190a. — 8.30  p.  m. — At  this  meeting 
there  will  be  an  informal  discussion  on  the  topic,  **  The  Sanitary  Dis- 
posal of  Municipal  Refuse. "  The  discussion  will  be  opened  by  Budolph 
Hering,  M.  Am.  Soc.  G.  E.  Contributions  to  this  discussion,  either  at 
the  meeting  or  in  writing,  are  invited. 

ANNUAL  MEETING. 

The  Fiftieth  Annual  Meeting  will  be  held  at  the  Society  House, 
January  21st  and  22d,  1903.  The  Business  Meeting  will  be  called  to 
order  at  10  o'clock  on  Wednesday  morning.  The  annual  reports  will 
be  read,  officers  for  the  ensuing  year  elected,  members  of  the  Nominat- 
ing Committee  appointed,  and  other  business  transacted. 

The  arrangements  for  excursions  and  entertainments  will  be  an- 
nounced later. 

NOMINATING  COMMITTEE. 

The  Constitution  provides  that  at  the  Annual  Meeting  of  each 
year,  seven  Corporate  Members,  not  officers  of  the  Society,  one  from 
each  of  the  geographical  districts,  into  which  the  Society  is  divided 
for  this  purpose,  shall  be  appointed  by  the  meeting  to  serve  for  two 
years. 

The  usual  blank  request  for  suggestions  as  to  representatives  of 
each  district,  for  presentation  to  the  meeting,  will  soon  be  mailed  to 
Corporate  Members. 
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ACCESSIONS  TO  THE  LIBRARY. 

From  October  8th  to  November  11th,  1902. 

DONATIONS.* 
THE  DBSION  OP  SIMPLE  ROOP-TRUSSES  IN  WOOD  AND  STEEL. 

With  an  Introduction  to  the  Elements  of  Graphic  Statics.  By 
Malverd  A.  Howe,  M.  Am.  Soc.  C.  E.  Cloth,  9x6  ins.,  8  +  129  pp., 
iUns.     New  York,  John  Wiley  &  Sons,  1902.     $2.00. 

The  aathor  states  that  the  objeqt  In  writing  this  work  has  been  to  bring  together  in 
small  compass  all  the  essentials  required  m  properly  designing  ordinary  roof  trusses  in 
wood  and  steel.  The  tables  giving  the  properties  of  standard  shapes  are  based  upon 
sections  rolled  by  the  Cambria  Steel  Company.  The  chapter  headings  are:  QenenU 
Principles  and  Methods:  Beams  and  Trusses;  Strength  of  Uaterials:  Roof -Trusses  and 
their  Design;  Design  of  a  Wooden  Roof -Truss;  Design  of  a  Steel  Roof -Truss;  Tables. 
There  is  an  index  of  five  pages. 

THEORY  OP  STEEL-CONCRETB  ARCHES,  AND  OP  VAULTED  STRUCTURES. 

By  William  Cain,  M.  Am.  Soc.  C.  E.  Second  Edition,  Thoroughly 
Bevised.  Cloth,  6x4  ins.,  86  pp.,  illus.  New  York,  D.  Van  Nostrand 
Company,  1902.     5U  cents.     (Donated  by  the  Author.) 

The  preface  states  that,  in  this  revision,  the  author  has  availed  himself  of  the  oppor- 
tunity to  give  a  complete  solution  of  the  elastic  arch  of  variable  section.  The  arch  of 
steel  and  concrete  combined  is  taken  up  in  detail  to  Illustrate  the  general  graphical 
treatment.  The  method  to  follow  for  other  arches,  as  those  of  steel,  stone  or  concrete,  is 
at  once  apparent  from  the  general  solution.  The  aim  throughout  has  been  to  give  a 
clear  analysis  of  principles  involved,  a  knowledge  of  the  principles  of  the  equilibrium 
polygon  being  alone  assumed.  This  book,  although  independent  of  the  author's  other 
works  on  Arches,  really  supplements  them,  since  in  ''Theory  of  Voussoir  Archps,"  the 
elastic  arch  of  constant  section  is  alone  treated,  and  in  ''  Theory  of  Solid  and  Braced 
Elastic  Arches,"  the  arch  of  variable  section  is  very  briefly  considered  without  a  com- 
pletely worked  out  example.  This  work  then  deals  especially  with  the  most  complicated 
case,  and  it  is  believed  that  a  thoroughly  practical  solution  is  offered.  The  chapter 
headings  are:  Arches  of  Variable  Section  under  Vertical  Loads;  Culverts  and  Tunnel 
Arches;  Groined  and  Cloistered  Arches;  Domes  of  Masonry. 

THE  ELECTRICAL  CATECHISM. 

533  Plain  Answers  to  533  Practical  Questions  about  Electrical 
Apparatus.  Compiled  from  the  Begular  Issues  of  Power,  Cloth, 
9x6  Ins.,  210  pp.,  illus.  New  York,  Hill  Publishing  Company,  1902. 
«2.00. 

In  prenarlng  the  subject  matter  of  this  book  the  author^s  aim  has  been  to  discuss 
only  such  brancnes  of  electrical  work  as  may  be  considered  to  come  within  the  range  of 
the  average  central  station  or  isolated  plant  engineer.  On  this  account  he  has  not 
endeavored  to  cover  the  entire  electrical  neld,  but  rather  to  make  the  treatment  of  prin- 
ciples and  practice  in  what  might  be  termed  the  ''  heavier ''  branches  of  electrical  engi- 
neering more  exhaustive  than  is  usual  In  a  work  of  this  kind.  No  originality  is  claimed 
for  the  subject  matter,  but  an  effort  has  been  made  to  present  the  expository  matter  in 
logical  sequence  and  in  clear,  every-day  phraseology.  Parts  of  the  matter  here  pre- 
sented have  appeared  in  serial  form  in  Power;  such  portions  have  been  revised  to  bring 
them  up  to  date  wherever  necessary.    There  is  an  index  of  six  pages. 

ARMATURE  WINDINGS  OP  DIRECT  CURRENT  DYNAMOS. 

Extension  and  Application  of  a  General  Winding  Rule.  By  E. 
Arnold.  Translated  from  the  Original  German  by  Francis  B.  De  Gress. 
Cloth,  9x6  ins.,  6  4- 124  pp. ,  illus.  New  York,  D.  Van  Nostrand  Com- 
pany, 1902.     82.00. 

The  translator  states  in  his  preface  that  Professor  Amold^s  ''^  Anker wicklungen,"  in 
which  is  given  his  general  formula  for  the  design  of  direct  current  armature  wmdings, 
has  been  considered  of  sufficient  importance  to  be  translated  and  published  in  toe 

*  Unless  otherwise  specified,  books  in  the  list  have  been  donated  to  the  Library  by 
the  Publisher. 
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present  form.  Many  of  the  designs  shown  by  him  are  of  historic  interest  only,  but  the 
principle  expressed  is  fundamental,  and  of  value  to  the  engineer  or  designer,  and  no 
attempt  has  oeen  made  to  go  beyond  the  subject  as  treated  in  his  book.  Hie  Contents 
are:  Methods  of  Connecting  Inductors:  Closed-Coil  Windings;  Ring  Armature  Wind- 
ings; Drum  Windings;  Disk  Armature  Windings;  Open-Coil  Windings. 

ELECTRICAL  AND  MAGNETIC  CALCULATIONS. 

For  the  Use  of  Electrical  EngineerB  and  ArtiBans,  Teachers,  Stn- 
dents,  and  all  others  interested  in  the  Theory  and  Application  of 
Electricity  and  Magnetism.  By  A.  A.  Atkinson.  Cloth,  7x5  ins., 
7  -f  310  pp.,  illns.  New  York,  D.  Van  Nostrand  Company,  1902.  $1.50. 

It  is  stated  in  the  preface  that  Uiis  work,  both  in  plan  and  material,  is  the  outgrowth 
of  several  years  of  escperience  in  teaching  young  men  the  rudiments  of  electrloty.  A 
large  part  of  the  matter  was  prepared  expressly  as  an  introduction  to  a  course  in  elec- 
trical engineering;  since  there  was  notliing  published  covering  the  topics  found  desira- 
ble, and  making  use  of  the  method  herein  used.  In  this  volume  several  processes  are 
brought  together  wherever  possible  under  a  single  broad  principle,  which  is  then  ex- 
pressed by  means  of  a  formula.  Through  a  step-by-step  process,  principles  and  for- 
mulas are  evolved  from  facts  and  principles  already  understood.  After  the  law  has 
been  clearly  developed,  and  has  been  given  the  most  concise,  easily  remembered  and 
convenient  working  form,  the  method  of  induction  chives  way  to  that  of  deduction.  A 
series  of  examples  is  then  worked  out  illustrating  tne  application  of  the  principle,  and 
giving  familianty  with  its  processes.  At  the  end  of  the  chapters  are  also  lists  of  origi- 
nal problems  for  drill  in  the  mastery  of  the  principles  and  their  applications.  The 
chapter  headings  are:  Explanation  of  Units;  Relation  of_Quantitles;  General  Laws  of 
Reeistanoe:  Electrical  Enei 
Batteries:  Magnetism;  Relat 
Motors;  Calculation  of  Fields; 
pages. 

ALTBRNATINO-CURRENT  MACHINES: 

Being  the  Second  Volume  of  Dynamo  Electric  Machinery;  its  Con- 
struction, Design,  and  Operation.     By  Samuel  Sheldon,  M.  Am.  ^st. 

E.  E.,  and  Hobart  Mason,  Assoc.  Am.  Inst.  E.  E.  Cloth,  8x5  ins., 
4  4- 259  pp. ,  illns.    New  York,  D.  Van  Nostrand  Company,  1902.    82.50. 

The  preface  states  that  this  book,  like  its  companion  volume  on  Direct  Current 
Machines,  is  primarily  intended  as  a  text-book  for  use  in  technical  educational  institu- 
tions. It  is  hoped  and  believed  that  it  will  also  be  of  use  to  those  electrical,  civil, 
mechanical,  and  hydraulic  engineers  who  are  not  perfectly  familiar  with  the  subject  of 
Alternating  Currents,  but  whose  work  leads  them  into  this  field.  It  is  furthermore 
intended  for  use  by  those  who  are  earnestly  studying  the  subject  by  themselves,  and 
who  have  previously  acquired  some  proficiency  in  mathematics.  It  is  believed  that  one 
who  has  mastered  the  first  four  chapters  of  this  book  will  be  able  to  solve  Any  practical 
problem  concerning  the  relations  which  exist  between  power,  electro-motive  f<xtses, 
currents,  and  their  phases  in  series  or  multiple  alternating-current  circuits  containing 
resistance,  capacity,  and  inductance.  The  next  four  chapters  are  devoted  to  the  con- 
struction, principle  of  operation,  and  behavior  of  the  various  types  of  alternating-current 
machines.  Only  American  machines  have  been  considered.  A  large  amount  of  alter- 
nating-current apparatus  is  used  in  connection  with  plants  for  the  long-distanoe  trans- 
mission of  power.  This  subject  is  treated  in  the  ninth  chapter.  The  last  chapter  gives 
directions  for  making  a  variety  of  tests  on  alternating-current  circuits  and  apparatus. 
There  is  an  index  of  seven  pages. 

ELECTRICAL  MOTOR  INSTALLATIONS. 

A  Book  for  Factory  Owners  and  Other  Users  of  Steam  Power.     By 

F.  J.  A.  Matthews,  A.  M.  I.  E.  E.  Boards,  8|  x  5^  ins.,  157  pp.,  illns. 
The  Scientific  Publishing  Co.,  Manchester.     2  shillings,  6  pence  net. 

The  preface  states  that  this  small  book  is  not  intended  in  any  way  for  the  electrical 
engineer,  but  is  essentially  written  for  users  of  power  who  may  be  desirous  of  increas- 
ing the  efficiency  of  their  works.  The  definitions  are  given  in  the  plainest  manner  and 
in  a  way  in  which  they  can  be  easily  grasped.  They  may  not  be  in  all  cases  scientifically 
and  absolutely  correct,  but  they  are  what  may  be  termed  commercially  correct.  The 
contents  are:  Introductory;  Advantages  of  Electric  Transmission;  i>efinitionB  and 
Functions;  Typical  TVpes  of  English  Motors;  Starting  Switches  and  Other  Accessories: 
Devices  for  Speed  variation;  Some  Examples  of  Motor  Installations;  Attention  and 
Maintenance.    There  is  an  index  of  three  pages. 
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MECHANICS— PROBLEMS  FOR  ENQINBERINO  STUDENTS. 

By  Frank  B.  Sanborn.     Cloth,   8  x  6  ins.,  155  pp.,  ill  us.     New 

York,  The  Engineering  News  Publishing  Company,  1901.     91.50. 

The  preface  states  that  this  book  containn  many  problems  similar  to  those  found  In 
text-books:  but,  besides,  many  have  been  develoi>ed  from  actual  enfrineering  con- 
ditions. Tne  author^s  object  has  been  to  correlate  more  closely  these  eyery-day  prac- 
tical examples  with  the  important  subjects  in  Mechanics.  From  the  author's  experience 
as  student,  engineer  in  practice,  and  college  instructor,  he  is  convinced  that  the  main 
object  of  a  course  in  Mechanics  should  be  to  prepare  the  students  to  solve  its  problems. 
Therefore  he  has  endeavored  to  make  these  problems— five  hundred  in  numoer— fulfil 
the  requirements  for  thorough  and  interesting  instruction.  At  the  beginning  of  each 
important  section  of  the  book  one  problem  is  solved  so  as  to  explain  the  method  of 
solving  similar  problems  and  to  serve  as  a  guide  for  solutions  to  be  put  in  note-books. 
The  problems  have  been  arranged  under  the  following  heads:  I.  Work— Foot-Pounds: 
Horse- Power;  Energy;  II.  Force— Forces  Acting  at  a  Point;  Moments  for  Parallel 
Forces;  Couples;  Stresses;  Center  of  Gravity;  Friction;  HI.  Motion— Uniform  Accelera- 
tion; Relative  Velocity;  Distance,  Velocity.  Friction,  Angle  of  Inclination;  Projectiles; 
Pendulums;  Impact.    There  is  an  index  of  fifteen  pages. 

AN  OUTLINE  OP  THB  METALLURGY  OP  IRON  AND  STEEL. 

By  A.  Humboldt  Sexton.  Cloth,  9x6  ins.,  6  -f  620  -f  13  pp., 
illns.  The  Scientific  Publishing  Company,  Manchester,  1902.  16 
shillings  net. 

The  preface  states  that  this  work  has  been  prepared  to  meet  the  need  for  a 
book  which,  in  one  volume  of  moderate  size,  covers  the  whole  field  of  the  metal- 
lurgy of  iron  and  steel.  The  book  has  grown  somewhat  beyond  the  size  contem- 
plated at  the  outset,  but  still  cannot  be  regarded  as  being  more  than  an  outline. 
The  iron  and  steel  industry  has  developed  so  rapidly  within  the  last  few  years,  and  the 
literature  has  become  so  voluminous,  that  it  has  been  a  matter  of  extreme  diflHculty  to 
decide  exactly  what  to  include  and  what  to  leave  out.  A  greater  difficulty  has  been  the 
apportioning  otspace  to  the  different  branches  of  the  subject  according  to  the  import- 
ance of  each,  but  the  author  states  that  he  hopes  he  has  kept  somewhat  near  a  fair 
division.  The  chapter  headings  are:  Introductory:  Sources  of  iron;  Pig  Iron;  Prepara- 
tion of  Materials  for  the  Smelter:  Chemistry  of  the  Blast  Furnace;  Thermal  Phenomena 
of  the  Blast  Furnace;  The  Blast  Furnace;  The  Air  Supply;  The  Hot  Blast;  Blast  Furnace 
Slag;  Calculating  Charges;  Construction  of  the  Blast  Furnace:  Blast  Furnace  Practice; 
Utuization  of  By-products;  History  of  Pig  Iron;  The  Foundry;  Malleable  Iron;  Puddling; 
OUier  Methods  of  Preparing  Malleable  Iron;  The  Forge  and  the  Mill;  Steel;  Production 
of  Steel  Direct  from  tne  Ore  and  from  Malleable  Iron:  Production  of  Steel  by  Partial 
Decarburization  of  Pig  Iron;  The  Bessemer  Process;  Chemistry  of  the  Bessemer  Process; 
Thermal  Phenomena  of  the  Bessemer  Blow;  Working  the  Bessemer  Process;  Bessemer 
Plant;  The  Basic  Bessemer  Process;  Plant  for  the  Basic  Bessemer  Process;  Modifica- 
tions of  the  Bessemer  Process;  Historical  Notes  on  the  Bessemer  Process;  The  Siemens 
or  Ch>en-hearth  Process;  The  Siemens  Process:  Plant;  The  Basic  Open-hearth  Proce^; 
Modifications  of  the  Open-hearth  Process;  Appliances  Applicable  to  All  Processes: 
Working  Mild  Steel;  Casting  MUd  Steel;  After  Treatment  of  Iron  and  Steel;  Special 
Steels;  Structure  of  Iron  and  Steel;  Testing  Iron  and  Steel;  Rusting  and  Protection  of 
Iron  Mid  Steel. 

AMERICAN  MINING  CODE: 

Embracing  the  United  States,  State,  and  Territorial  Mining  Laws, 
and  the  General  Land  Office  Regulations.  Fourteenth  Edition. 
By  Henrv  N.  Copp.  Paper,  9x6  ins.,  4  -\- 183  pp.  Washington,  D.  C, 
Copp  &  Co.,  1902.     50  cents. 

This  work  gives  the  mining  laws  and  general  land  office  r^ulations  of  the  United 
States,  and  also  the  State  and  Territorial  mining  laws,  and  the  revised  and 
amended  mining  regulations  for  Canada  and  the  Northwest  Territories.  Copies  of 
the  necessary  forms,  notices,  affidavits,  certificates,  bonds,  agreements,  etc.,  are  also 
given. 

DBS  INQENIEURS  TASCHENBUCH. 

Heransgegeben  vom  Akademischen  Verein  **  Hiitte."    Achtzehnte, 

Nen  Bearbeitete  Anflage.     2  vol.     Leather,  7x5  ins. ,  illus.     Berlin, 

Wilbelm  Ernst  &  Sohn,  1902.     16  marks. 

It  is  stated  in  the  preface  that  the  present  edition  has  been  enlarged  and  revised  on 
a  scientific  basis.  Corresponding  to  the  extended  knowledge  of  science  in  all  branches 
of  technology,  the  separate  sections  of  the  book  have  become  more  inclusive.  Particu- 
larly to  be  noted  is  the  section  '•*  W&rme  einschliesslich  der  Mechanik  der  Gase  und 
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Dftmpfe^^*  which  has  been  completely  rovlfled;  also  Turbinen,  LasthebemaschiDe,  Ver- 
messungskubde,  Schlff  bau.  The  sections  "  Verbrennungsmotoren ''  have  been  introduced 
in  place  of  the  former  ''  Gasmaschlnen,"  which  represented  the  first  attempt  at  a  theo- 
retical handling  of  this  dlfflsult  subject.  The  Contents  are:  Mathematik;  Mechanik; 
W&rme  einschliesslich  der  Mechanik  der  Oase  und  Dftmpfe;  Festlgkeitslehre;  Stoff- 
kunde:  Maschinenteile;  Kraftmaschinen;  Arbeitsmaschinen;  Vermessungskunde;  Hoch- 
bau;  Wasserversorgung;  St&dteentwftsserung:  LOftuug  und  Heizung;  Straasenbau; 
Statik  der  Baukonstruktlonen;  BHlckenbau;  Schlffbau;  Eisenbahnwesen;  EisenhUtten- 
kunde;  Electrotechnik;  Oasfabrikation;  Anhang.    There  Is  an  index  of  fifteen  pages. 

THE  FOUNDATIONS  OP  OBOMETRY. 

Bj  David  Hilbert.     Authorized  Translation  bj  E.  J.  Townsend. 

Cloth,  8  X  61  Ins.,  7  -\-  132  pp.      Chicago,  The  Open  Court  Publishing 

Company,  1902.     31.00  net. 

The  preface  states  that  the  material  contained  in  this  translation  was  given  in  sub- 
stance by  Professor  Hilbert  as  a  course  of  lectures  on  Euclidean  geometry  at  the  Univer- 
sity of  Q5ttingen  during  the  winter  semestei  of  1896-^.  As  a  basis  for  the  analysis  of 
our  intuition  of  space,  Professor  Hilbert  commences  his  discussion  by  considering  three 
systems  of  things  which  he  calls  points,  straight  Imes,  and  planes,  and  sets  up  a  system 
of  axioms  connecting  these  elements  in  their  mutual  relations.  The  purpose  of  his 
investigations  is  to  discuss  systematically  the  relations  of  these  axioms  to  one  another 
and  also  the  bearing  of  each  upon  the  logical  development  of  Euclidean  geometry.  This 
development  and  discussion  of  the  foundation  principles  of  geometry  is  not  only  of 
mathematical  but  of  pedagogical  importance.  The  Contents  are:  The  Five  Groups  of 
Axioms;  The  Compatibility  and  Mutual  Independence  of  the  Axioms;  The  Theory  of 
Porportion;  The  Theory  of  Plane  Areas;  Desargue's  Theorem>  Pascal's  Theorem;  Geo- 
metrical Constructions  Based  upon  the  Axioms  1- V. 

ON  THE  STUDY  AND  DIFFICULTIES  OF  MATHEMATICS. 

By  Augustus  De  Morgan.  Second  Reprint  Edition.  Cloth,  8x5} 
Ins.,  6  -|-  288  pp.,  por.  Chicago,  The  Open  Court  Publishing  Com- 
pany, 1902.     81.25  net. 

It  is  stated  in  the  preface  of  the  original  edition  that  in  compiling  the  pages  of  this 
book,  the  author's  object  has  been  to  notice  imrticularly  several  points  in  the  principles 
of  algebra  and  geometry  which  have  not  obtained  their  due  importance  in  elementary 
works  on  these  sciences.  The  author  does  not  hold  himself  responsible  for  the  contents 
of  this  treatise,  further  than  for  the  manner  in  which  they  are  presented,  as  most  of  the 
opinions  here  maintained  have  been  found  In  the  writings  of  eminent  mathematicians. 
The  editor  of  the  present  edition  states  that  the  original  treatise,  which  was  published 
by  the  Society  for  the  Diffusion  of  Useful  Knowledge  and  bears  the  date  1881,  is  now 
practically  inaccessible,  and  is  marred  by  numerous  errata  and  typographical  solecisms, 
from  which,  it  is  hoped,  the  present  edition  is  free.  References  to  the  mathematical 
textbooks  now  out  of  print  have  either  been  omitted  or  supplemented  by  the  mention  of 
more  modem  works.  The  few  notes  which  have  been  added  are  mainly  bibliographical 
in  character,  and  refer,  for  instance,  to  modern  treatises  on  logic,  algebra,  the  philosophy 
of  mathematics  and  pangeometry.  The  Contents  are:  Introductory  Remarks  on  thue 
Nature  and  Objects  of  Mathematics;  On  Arithmetical  Notation;  Elementary  Rules  of 
Arithmetic;  Arithmetical  Fractions;  Decimal  Fractions;  Algebraical  Notation  and  Prin- 
ciples; Elementary  Rules  of  Algebra;  Equations  of  the  First  Degree:  On  the  Negative 
Sign,  etc. ;  Equation'^  of  the  Second  Degree:  On  Roots  in  General,  and  Logarithms;  On 
the  Study  of  Algebra;  On  the  Definitions  of  Geometry:  On  Geometrical  Reasoning;  On 
Axioms:  On  Proportion;  Application  of  Algebra  to  the  Measurement  of  Lines,  Angles, 
Proportion  of  Figures,  and  Surfaces.    There  is  an  index  of  four  pages. 

ESSAYS  ON  THE  THEORY  OP  NUMBERS. 

I.  Continuity  and  Irrational  Numbers.  II.  The  Nature  and  Mean- 
ing of  Numbers,  fiy  Richard  Dedekind.  Authorized  translation  by 
Wooster  Woodruff  Beman.  Cloth,  8x5}  ins.,  115  pp.  Chicago,  The 
Open  Court  Publishing  Company.  1901.     75  cents  net. 

In  this  work  the  author  has  endeavored  to  establish  a  really  scientific  foundation 
for  arithmetic,  In  order  to  find  a  purely  arithmetic  and  perfectly  rigorous  basis  for  the 
principles  of  infinitesimal  analysis.  Tne  chapter  headings  are:  Properties  of  Rational 
Numbers;  Comparison  of  the  Rational  Numbers  with  thn  Points  of  a  Straight  Line;  Con- 
tinuity of  the  Straight  Line;  Creation  of  Irrutlonal  Numbers;  Continuity  of  the  Domain 
of  Real  Numbers;  Operations  with  Real  Numbers;  Infinitesimal  Analysis;  Systems  of 
Elements;  Transformation  of  a  System;  Similarity  of  a  Transformation,  Similar  Systems; 
Transformation  of  a  System  in  Itself;  The  Finite  and  Infinite:  Slmpiy  Infinite  Systems. 
Series  of  Natural  Numbers;  Greater  or  Less  Numbers:  I<Mnite  and  infinite  Parts  of  the 
Number-Series;  Definition  of  a  Transformation  of  the  Number-Series  by  Induction: 
The  Class  of  Simply  Infinite  Systeins:  Addition  of  Numbers;  .Multiplication  of  Numbers; 
Involution  of  Numbers;  Number  of  the  Elements  of  a  Finite  System. 
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CITY  ROADS  AND  PAVBMBNTS  SUITBD  TO  CITIBS  OP  MODBRATB  SIZE. 

By  William  Pierson  Judson,  M.  Am.  Soc.  C.  E.,  M.  Inst.  C.  £. 
Second  Edition,  Bevised  and  Enlarged.  Cloth,  9x6  ins.,  195  pp., 
iUns.  New  York,  The  Engineering  News  Pnblishing  Co.,  1902. 
(Donated  by  the  author. )     $2. 00. 

The  local  feature  of  the  first  edition,  having  served  their  purpose,  have  been 
omitted  in  this  edition,  and  modifications  have  been  made  to  show  the  present  applica- 
tions of  general  methods,  some  of  which  have  changed  since  1894.  The  most  marked 
change  during  the  past  eight  years  has  been  in  the  increased  use  of  crushed  stone  for 
roadways  of  macadam  and  of  telford  construction,  on  the  improved  streets  of  villages 
and  cities.  The  grade  of  a  city  street  being  usually  a  fixed  condition  and  not  a  theory, 
it  is  often  difficult  to  decide  as  to  the  best  pavement  for  a  fixed  steep  grade  in  a  given 
climate,  or  how  steep  a  grade  will  give  good  results  with  a  given  pavement.  Tables  of 
actual  instances  are  given,  in  order  that  engineers  may  know  where  to  find  conditions 
similar  to  their  own,  and  where  they  may  examine  certain  pavements  in  actual  use. 
The  Contents  are:  Preparation  of  Streets  for  Pavements;  Ancient  Pavements;  Modem 
Pavements;  Concrete  Base  for  Pavement;  Block-Stone  Pavements:  Wood  Pavements; 
Vitrified  Brick  Pavements;  American  Sheet- Asphalt,  Artificial  and  Natural;  Bituminous 
Macadam  Pavement;  Broken  Stone  Roads.    There  is  an  index  of  nine  pages. 

TABLES  FOR  OBTAINING  HORIZONTAL  DISTANCES 

And  Difference  of  Level  from  Stadia  Beadings.  Computed  by  Al- 
fred Noble  and  Wm.  T.  Casgrain.  Cloth,  7x5  ins.,  7  pp.,  19  tables. 
New  York,  The  Engineering  News  Pnblishing  Co.,  1902.     $1.00. 

The  introduction  describes  the  stadia  rod,  and  the  method  to  be  used  in  graduating 
it,  and  gives  the  formulas  for  horizontal  distances  and  differences  of  level  from  which 
the  tables  in  the  book  have  been  calculated.  The  values  for  angles  of  elevation  or 
depression  up  to  80"  are  given,  and  may  be  taken  from  the  tables  in  a  manner  similar  to 
that  used  in  taking  latitudes  and  departures  from  a  traverse  table. 

TOPOGRAPHICAL  RECORD  AND  SKETCH  BOOK. 

For  Use  with  Transit  and  Stadia.  By  Dauiel  Lawrence  Turner, 
Assoc.  M.  Am.  Soc.  C.  E.  Cloth,  7J  x  5  ins.  New  York,  The  Engi- 
neering News  Publishing  Company,  1902.     75  cents. 

The  Introduction  states  that  this  record  and  sketch  book  is  the  outcome  of  efforts  in 
teaching  students  topographical  surveying.  A  sketch  book  with  concentric  circles  and 
radial  rulings  was  first  tried  by  the  author  in  18Q6.  The  results  proved  to  be  so  satis- 
factory that  in  1898  a  book  containing  such  rulings  was  printed  for  students  in  the 
author's  classes,  where  it  has  since  been  used  with  gratif  ving  results.  Believing  that 
such  a  book  may  also  be  appreciated  by  f  eUow  teachers  and  by  engineers  and  surveyom 
generally,  it  is  now  placed  at  their  disposal.  The  method  of  using  the  book  is  almost 
self-evident.  The  vertical  rulings  are  of  such  form  that  they  may  be  readily  adapted 
to  almost  any  method  of  recording.  They  are  suitable  for  level  notes,  and  also  for  the 
ordinary  lana  survey  and  traverse  records.  The  right-hand  page  can  be  used  for  any 
kind  of  sketching.  As  soon  as  the  recorder  has  noted  down  the  ol|aerved  azimuth,  dis- 
tance, and  verti<»l  angle  on  the  left-hand  page,  he  proceeds  to  plot  the  corresponding 
point  approximately  m  its  true  position  on  the  sketch  page,  each  point  being  desig- 
nated by  its  number.  As  fast  as  tne  controlling  points  are  plotted  the  sketch  \a  drawn 
in.  It  is  not  necessary  to  reduce  the  elevations  in  the  field,  the  sketch  as  drawn  need  only 
Indicate  the  configuration.  The  book  contains  76  pages  ruied  for  notes  and  sketching, 
and  there  is  a  table  for  the  reduction  of  stadia  notes. 

STAND-PIPE  ACCIDENTS  AND  FAILURES  IN  THE  UNITED  STATES. 

A  Chronological  Record  of  Accidents  to  and  Failures  of  Water- 
Works  Stand-Pipes  in  the  United  States,  with  Full  Discussion  and 
Assignment  of  Theories.  Also  a  discussion  of  Current  Practice  in 
Specifications  for  Stand-Pipes  and  of  other  Belated  Matters.  By  Wm. 
D.  Pence.  Paper,  7x4  ins.,  7  -f  195  pp.,  illus.  New  York,  Engineer- 
ing News  Publishing  Co.,  1895.     31.00. 

The  author  states  in  the  preface  that,  as  originally  contemplated,  the  record  was  to 
consist  simpiyof  a  compilation  of  facts  and  data  relating  to  the  various  cases  described, 
but  it  early  became  evident  that  the  investigation  woula  lack  a  very  important  feature 
should  no  attempt  be  made  to  digest  the  compiled  facts  for  the  purpose  of  formulating 
a  definite  theory  for  each  accident  or  failure  included  in  the  record.  Therefore,  an 
effort  has  been  made  to  meet  this  requirement  by  giving  close  consideration  to  all 
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available  Information  bearing  upon  the  conditions  and  circumBtances  attending  or  lead- 
ing up  to  the  several  accidents.  A  list  of  references  to  sources  of  information  is  given 
at  the  conclusion  of  each  description.  With  the  exception  of  a  few  additions  and 
revisions,  the  original  record  comprising  the  body  of  the  oook  is  a  reprint  of  a  series  of 
articles  which  appeared  first  in  Engineeritig  News  during  the  months  of  April,  May  and 
June,  1894. 


Gifts  have  also  been  received  from  the  following : 


Am.  Ceramic  Soc.    1  toI. 

Am.  Electrochemical  Soc.    1  bound  vol., 

1  pam. 
Am.  Inst,  of  Min.  Engrs.    1  bound  vol. 
Ark.— B.  B.  Comm.    1  bound  vol. 
Assoc,  des  Jngfyi.  Sortis  dee  EcolesSpd- 

ciales  de  Qand.    1  pam. 
Atlanta  &  West  Point  B.  B.  Co.    1  pam. 
Augusfcana  Coll.    1  pam. 
Baudry.    1  pam. 

Biddle,  John.    1  bound  vol.,  4  pam. 
Binghamton,  N.  Y.— City  Engr.    9  pam. 
Bloomfleld,  N.  J.— Town  Clerk.    8  pam. 
Bond,  Edward  A.    8  bound  vol. 
Boston  Pub.  Lib.    1  pam. 
Bradford,  Pa.— City  Clerk.    6  pam. 
Brooklyn  Bapid  Transit  Co.    1  pam. 
Cal.— State  Min.  Bureau.    8  vol.,  7  pam. 
Canadian  Soc.  of  Civ.  Engrs.    2  pam. 
Central  of  Georgia  By.  Co.    8  pam. 
Central  Vermont  By.  Co.    1  pam. 
Chicago  &  Alton  By.  Co.    1  pam. 
Chicago,  Burlington  &  Qufncy  B.  B.  Co. 

1  ^m. 
City  tiecord.    107  bound  vol. 
Colo.  Agricultural  Ezper.  Station.    8  pam. 
Cornell  Univ.    1  pam. 
Crowell,  Foster.    1  pam. 
Dawson,  W.  B.  .1  pam. 
Detroit,  Mich.— Board  of  Water  C^mms. 

2pam. 
Erie  B.  B.  Co.    1  pam. 
Giasenapp,  P.    9  bound  vol. 
Great   Britain -Patent  Office.    1   vol.,  10 

pam. 
m.  Soc.  of  Engrs.  and  Surv.    1  pam. 
Inst,  of  Civ.  Engrs.    1  bound  vol.,  1  pam. 
John  Crerar  Lib.    1  pam. 
Judson,  W.  P.    1  bound  vol. 
Lake  Mohonk  Arbitration  Conference.    2 

pam. 
Liverpool  Eng.  Soc.    1  pam. 
McGiH  Univ.    1  bound  vol. 
Mass.— Biu-eau  of  Statistics  of  Labor.    2 

bound  vol. 
Mead,  El  wood.    4  p&m. 
Nashville,  Tenn.— Water-Works  Dept.     1 

pam. 
New    London,    Conn.— Board    of    Water 

Commrs.    1  pam. 
New  York  Central  &  Hudson  Biver  B.  B. 

Co.    1  pam. 
New  York  City- Dept.  of  Bridges.    1  pam. 
N.  Y.  State  Lib.    1  pam. 


Norfolk  &  Southern  B.  B.  Co.    1  pam. 

North,  Edward  P.    1  vol.,  4  pam.,  1  map. 

North-East  Coast  Inst,  of  Engrs.  and  Ship- 
builders.   1  bound  voL 

Northern  Pacific  By.  Co.    2  pam. 

Ockerson,  J.  A.    1  pam. 

Pacific  Coast  Co.    1  pam. 

Purdon,  C.  D.    1  pam. 

Beading,  Pa.— Water  Dept.  7  bound  vol., 
1  pam. 

Borne,  B.  University  Bomana,  Scuola  d* 
Appiicazioneper  gl'  Ingegnerl.  1  pam. 

Saffora,  Arthur  Truman,    l  bound  vol 

Schneider,  C.  C.    16  blue-prints. 

Smith.  T.  Guilford.    1  volT 

Soc.  Beige  des  Ing6nieurs  et  des  Indus- 
triels     1  pam. 

Soper,  George  A.    1  pam. 

S.  C— B.  B.  Commrs.    2  pam. 

S.  Dak.— State  Geologist.    1  pun. 

Springfield.  111.— Bureau  of  Labor  Statis- 
tics.   1  bound  voL 

Teknisk  Forenings  Tidsskrif  t.    1  pam. 

Thompson,  Bobt.  A.    1  pam. 

Tillson,  Geo.  W.    1  vol. 

Toledo,  St.  Louis  &  Western  B.  B.  Co.  1 
pam. 

Tucson,  Ariz.— Chamber  of  Conunerce.  .1 

Sam. 
.  Bureau  of    Foreign  Commerce.    1 

bound  vol.,  1  pam. 
U.  S  Bureau  of  Steam  Eng.    1  pam. 
U.  S.  Civil  Service  Comm.    1  bound  vol. 
U.  S.  Corps  of  Engrs.    27  specif. 
U.  S.  Du'ector  of  the  Mint.    1  bound  voL 
U.  S.  Oeol.  Surv.    1  bound  vol.,  4  voL,  4 

pam. 
U.  o.  Naval  Observatory.    1  pam. 
U.  S.  Supt.  of  Documents.    10  pam. 
U.  S.  War  Dept.    1  bound  vol.,  1  pam. 
U.  8.  Weather  Bureau.    1  vol. 
Univ.  of  Ariz.  Agricultural  Ezi>er.  Station. 

1  pam. 
Univ.  of  Chicago  Press.    1  pam. 
Univ.  of  III.  Agricultural  Exper.  Station. 

1  pam. 
Univ.  of  Tex.  Mineral  Surv.    1  pam. 
Univ.  of  Wis.    2  vol. 
Webster,  Georee  S.    1  bound  vol.,  1  vol. 
Western  By.  of  Alabama.    1  pam. 
Wilgus,  W.  J.    1  bound  vol. 
Winchester,  Ma9s.— Water  Board.  ISpam. 
Woonsocket,     B.    I— Board     ot     water 

Commrs.    1  pam. 


BY    PURCHASE. 


Die  Elektridtats  Qeneratorea  auf  der  Pariser  Weltausstelluns  in 

1900.     Von  0.  F.  Guilbert.     Paris,  C.  Naud,  1902. 

Die   Punkentefegraphie.    GemeinyerBtandliche   Yortrage  von   A. 
Slaby.     Zweite  Auflage.     Berlin,  Leonhard  Simion,  1901. 
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The  Electric  Arc.  By  Hertha  Ayrton,  M.  Inst.  E.  E.  New  York, 
The  D.  Van  Nostraml  Company;  London,  '*The  Electrician"  Print- 
ing and  Publishing  Company,  Limited,  1902. 

DieBis-uiKl  Kalteerzeugungs-Maschinen.  Ihr  Ban  und  ihre  Yer- 
wendung  in  der  Praxis.  Ein  Compendium  der  gesamten  Ealte- 
Ind^tne.     Von  Richard  Btetefeld.     Stuttgart,  Max  Waag,  1901. 

Practical  Metailurgy  and  Assaying: »  a  Text-Book  for  the  Use  of 
Teachers,  Students  and  Assay ers.  By  Arthur  Hiorns.  London,  Mao- 
millan  and  Co.,  Limited;  New  York,  The  Macmillan  Company,  1902. 

The  Mineral  Industry,  its  Statistics,  Technology*  and  Trade  in  the 

United  States  and  Other  Countries  to  the  End  of  1901.  Founded  b^ 
the  Late  Bichard  P.  Bothwell.  Edited  by  Joseph  Struthers.  Vol  X. 
New  York  and  London,  The  Engineering  and  Mining  Journal,  1902. 

The.  Prospector's  Handbook.  A  Guide  for  the  Prospector  and 
Traveller  in  Search  of  Metal-Bearing  or  Other  Valuable  Minerals.  By 
J.  W.  Anderson,  F.  B.  G.  S.,  F.  L  Inst.  Ninth  Edition.  London, 
Crosby  Lockwood  and  Son;  D.  Van  Nostrand  Company,  New  York, 
1902. 

The  Arithmetic  of  Electrical  Measurements,  with  Numerous  Exam- 
ples, Fully  Worked.  By  W.  R.  P.  Hobbs,  Assoc.  Inst.  E.  E.  Revised 
to  Date  by  Dr.  Richard  Wormell.  Tenth  Edition.  London,  Thomas 
Murby ;  New  York,  D.  Van  Nostrand  Company,  1902. 

Report  of  the  Tests  of  Metals  and  Other  Materials  for  Industrial 

Purposes  Made  with  the  United  States  Testing  Machine  at  Watertown 
Arsenal,  Massachusetts,  during  the  Fiscal  Year  Ended  June  30,  1899. 
Washington,  Government  Printing  Office,  1900. 

Water  and  its  Purification ;  a  Handbook  for  the  Use  of  Local 
Authorities,  Sanitary  Officers,  and  Others  Interested  in  Water  Supply. 
By  Samuel  Rideal.  Second  Edition,  Revised  and  Extended.  Lon- 
don, Crosby  Lockwood  and  Son;  Philadelphia,  J.  B.  Lippincott 
Company,  1902. 

The  Sea-Coast.  By  W.  H.  Wheeler,  M.  Inst.  C.  E.  Longmans, 
Green  and  Co.,  London,  New  York  and  Bombay,  1902. 


SUMMARY  OF  ACCESSIONS. 

From  October  8th  to  November  11th,  1902. 

Donations  (including  22  duplicates) 361 

By  Purchase 11 


Total 372 
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MEMBERSHIP. 

ADDITIONS. 


Bei«l,  Geoboe  Joseph  Membership. 

County  Surv.  aod  Bridge  Mauter  for  Camber-  j  Assoc.  M.    Nov.    1,  1898 
land,  16  Portland  Sq.,  Carlisle,  England. . .  (  M.    Oct.     1, 1902 

HoiiBBOOE,  Elliot 

Chf.  Engr.,  E.  C.  S.  Ry.,  Thayer  Bldg.;  Kansas  City, 

Mo Sept    3,1902 

Kbndbick.  Julian  Wat 

City  Eugr.,  Birmingham,  Ala Oct.      1,  1902 

Matheb,  Thomas  Hogoan 

Chf.  Engr.,  Syracuse  R.  R.  Constr.  Co.,  45  Nottingham 

Bldg.,  Syracuse,  N.  Y Oct.      1,  1902 

Sakbobn,  Fbank  Bebbt 

Prof,  of  Civ.  Eng.,  Tufts  College,  Mass Oct.      1,  1902 

SCHALL,  FbEDBBIOK  EdWABD 

Bridge  Engr.,  Lehigh  Valley  R.  R.,  South  Bethlehem,  Pa.    Oct.      1,  1902 

SUBLETTB,  GeOBOB  WASBIXaTOM 

City  Engr.,  Minneapolis,  Minn Oct.      1, 1902 

Thompson,  Fbed 

Civ.  Engr.,  U.  S.  N.,  Navy  Yard,  Norfolk,  Va Oct.      1,  1902 

ASSOCIATE  MEMBEBS. 

Chambebs,  Hebbebt  James 

Care,  Milliken  Bros.,  11  Broadway,  New  York  City Nov.    5, 1902 

Davis,  Lbonabd  Henbt 

Chf.  Asst.  Engr.,  The  Lake  Superior  Power  Co.,  Sault 

Ste.  Marie,  On t.,  Canada Nov.     5,1902 

Fensell,  Geoboe  Habbison 

Civ.  Engr.  to  Commrs.  of  Water- Works,  Water  j  Jun.    Jan.      3, 1899 

Office,  Erie,  Pa (  Assoc.  M.    Oct.      1,  1902 

Gideon,  Abbaham 

27  Schnirel  Bldg.,  Geneva,  N.  Y Sept.    3,  1902 

Hall,  Louis  Wells 

305  Slocum  Ave.,  Syracuse,  N.  Y Oct.      1,  1902 

Ham,  William  Hale 

Engr.,  N.  Y.  Expanded  Metal  Co.,  256  Broadway,  New 

York  City Nov.     5,  1902 

Hatt,  William  Kendbick 

Prof,  of  Applied  Mechanics,  Purdue  Univ.,  Lafayette, 

Ind June    4,1902 

Hendbbson,  John  Thomas 

Asst.  Engr.,  Conn.  River  Bridge  and  Highway  Comm., 
P.  O.  Box  702,  Hartford,  Conn Sept.    3,  1902 
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•rr  •»*  -TV  Date  of 

HuBBABD,  WzNFBXD  De4N  Membenliip. 

Supt.  of  Water- Works  and  Sewers,  Ck)ncord,  Mass, .....  Nov.  5,  1902 
MrroHKLL.  Ghablbs  Hamilton 

Civ.  and  Hydr.  Eogr.,  Niagara  Falls,  Ont.,  Canada June    4,  1902 

OiiBEiio,  Ghablbs  Rial 

Asst.  Engr.,  Tonopah  Water  &  Power  Co.,  Tonopah,  NeT.  May  7, 1902 
Steffems,  William  Fbxderiok 

Boom  500,  Grand  Central  Station,  New  York  (  Jnn.    Apr.     3,  1900 

City (  Assoc.  M.     Oct.     1,  1902 

Walkxb,  Joseph  Jeames 

Care,  American  Bridge  Co.,  7  West  22d  St.,  New  York  City .     Nov.     5,  1902 

JUNI0B8. 

Adams,  Edwabd  Maouibb 

1st  Lient.,  Corps  of  Engrs.,  U.  S.  A.,  Washington  Bar- 
racks, Washington,  D.  O Oct.      7,  1902 

Baxeb,  Habold  James  ManriNO 

408  Jefferson  St. ,  Port  Townsend,  Wash Oct.      7,  1902 

BOABDMAN,  HOWABO  EOWABD 

227  West  33d  St.,  New  York  City Oct.      7,  1902 

BtTBBowEs,  Habbt  Gilbbbt 

Bes.  Engr.,  Div.  No.  3,  Atlantic  Ave.  Impvt.,  L.  I.  B.  B., 

5  Hanson  PL,  Brooklyn,  N.  Y Sept.    2,  1902 

Dayib,  Oxoboe  Jacob,  Jr. 

Instructor  in  Civ.  Eng.,  UniT.  of  Wisconsin  (Bes.,  1104 

West  Johnson  St.),  Madison,  Wis Nov.     4,  1902 

Edwabds,  Oliyeb  Cbomwell,  Jr. 

508  North  6th  St.,  Steabenville,  Ohio Oct.      7.  1902 

Gould,  John  Wabbem  Bu  Bois 

10  East  4th  Ave.,  Spokane,  Wash Oct.      7,  1902 

Hanxt,  Lewis  Tcstleb 

Glenville,  W.  Va. , Oct.      7,  1902 

Heald,  Edwabd  Gbeswell 

P.  O.  Box  72,  Harrisburg,  Pa Oct.      7.1902 

Hill,  Stibunq  Bbtaut 

46Clark  St.,  Auburn,  N.  Y Oct.      7,  1902 

HOLLJDAT,  AlKZAKDEB  BiEMAN 

Asst.  Engr.,  Pennsylvania  Co.,  New  Castle,  Pa Oct.      7,  1902 

Hobton,  Albebt  Howabd 

Silver  Greek.  N.  Y June    3,  1902 

Kimball,  Balph  Ghablbs 

Engr.  in  Ghg.  of  Grade  Changes,  Pere  Marquette  B.  B. 
Co.,  Evart  (Bes.,  92  Delaware  Ave.,  Detroit),  Mich Oct.      7.  1902 

LlNDSBT,  KxEFTEB 

Asst.  City  Engr.,  Columbus,  Ga Oct.      7,1902 

McDonald,  Habby  Pease.  Jr. 

Care,  The  Snead  &  Go.  Iron  Works,  Foot  of  Pine  St.. 
Jersey  City,  N.  J Oct.     7,1902 


1 


324  MEMBEB8HIF— OHAKGES  OF  ADDRESS.  [Society 

«  «  XX  Dsteof 

Sabim,  Balph  Habtst  Membenbip. 

Care,   EDg.   Dept.,  Chicago  A.  Eaetem   minois  B.  B., 

Chicago,  111 Oct.      7,1903 

Snydbb,  Chaslzs  Hebman 

Estimator,  Cambria  Steel  Co.,  346  Looust  St.,  Johnstown, 

Pa Oct.      7.  1902 

Tatlob,  William  Pubyss 

412  City  Hall.  Philadelphia,  Pa Oct.      7,  1902 


CHANQBS  OP  ADDRESS. 


Annan,  Chables  Lb  Bot Care,  Copper  Bange  B.B.,  Houghton, 

Mich. 

AucHiNCLOss,  WiLUAM  S 36  West  12th  St.,  New  Tork  City. 

Bablow,  John  Quingt Chf.    EDgr.    and    Geu.    Mgr.,    The 

Columbia   Bail  way    &   Navigation 

Co.,  The  Dalles,  Ore. 
Bhll,  Jambs  Biceubd 47  Victoria  St.,  Westminster,  London, 

S.  W.,  England. 

Bott,  John  B Greensbnrg,  Pa. 

Bbown,  Balph  Henby Chf.  Engr.,  Eastern  Bridge  A  Strac- 

tural  Co.,  Crescent  St.,  Station  A, 

Worcester,  Mass. 
Cabd,  William  Wabbbn Vice-Pres.,    The    Westinghoase    Air 

Brake  Co. ,  Pittsburg,  Pa. 
Chapin,  Loomib  Eaton Civ.  and  Cons.  Engr.,  Central  Savings 

Bank  Bldg.,  Canton,  Ohio. 

Cbanb,  Albbbt  Sbabs 1003  Security  Bldg.,  Chicago,  HI. 

Dabnbx,  Auqubtinb  Lbi Contr.  Engr.,  43^  Madison  St. ,  Boom 

18,  Memphis,  Tenn. 
Dennis,  Abthub  Cbisfielp General  Office,  Canadian  Pacific  By. 

Co.,  Montreal,  Que.,  Canada. 
Dbbbt,  Gboboe  MoClellan Major,   Corps  of  Engrs.,  U.  S.  A., 

Boom  425,  Custom  House,  Louis- 

ville,  Ky. 
Fox,  Stbphxnson  Watbbs U.  S.  Engr.  Office,  Custom  House, 

Sioux  City,  Iowa. 

Ftelet,  Alphonse 14  West  131st  St.,  New  York  City. 

Gbeene,  Joseph  Nobton The  Quincy,  Boston,  Mass. 

Hammatt,  Edwabd  Auoubtus  Whits..  ..Civ.   and   Hydr.  Engr.,  Hyde  Park, 

HiNCKLET,  John  Fbankun Chf.  Engr.  of  Constr.,  St.  Louis  A 

San  Francisco  B.  B.,  800  FuUerton 
Bldg.,  St.  Louis,  Mo. 

HowELLS,  JxTLixTS  Mebbiam Belvedere,  Marin  Co.,  Cal. 

Hudson,  John  Boqebs 1806  Locust  St.,  St.  Louis,  Mo. 
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jAMneaoN,  John  Quimtin Care,  Office  Ohf;  Engr.,  The  Oregon 

Baiboad  k  Navigation  Co.,  Port- 
land, Ore. 
Ebkksdy,  Jamss  Hbnbt Ghf.  Engr.,   Yanoonver,    Viotoria  k 

Eastern  By.  k  Navigation  Go.,  St. 

Thomas,  Ont.,  Canada. 
LsA,  Samukl  Hill Boom  34,  Coal  Exchange,  Soranton, 

Pa. 

LeftdvowkiiLi  William  Howland Lake  City,  Hinsdale  Co.,  Colo. 

LiNvnxB,  Jaoob  Hays 1836  Arch  St.,  Philadelphia,  Pa. 

Lucas,  Euobkx  Willktt  Yak  Coubt.  . .  .Capt.,  Corps  of  Engrs.,  U.  S.  A.,  U.  8. 

Engr.  Office,  280  Second  St.,  Mem- 

phis,  Tenn. 
Ltdok,  William  Amthokt Pres.,  Lydon  k  Drews  Co.,  Contrs., 

1320  Chamber  of  Commerce  Bldg., 

Chicago,  111. 
IfoYsAM,  John  Jat  325    Cornwall    Ave.,    Los    Angeles, 

Cal. 
liAiTLAiin,  Albxandbb,  Jr Contr.  Mgr.,  American  Bridge  Co.  of 

N.  T.,  704  Postal  Telegraph  Bldg., 

Kansas  City,  Mo. 
Mazsok,  Fbanx  Oscab 27     Monument     Sq.,    Charlestown, 

Mass. 
MoMTooMSBT,  John  Alzxamdbb Cons.  Engr.,  Boom  9,  Office  Bldg., 

Ist  Ave.,  Birmingham,  Ala. 
Palmsb,  Fbbbkbiok Bengal  Club,  1  Park  St,  Calcutta, 

India. 
Pbabsok,  Fbbd  Siabk Boom  220,  29  Broadway,  New  York 

City. 
PuiNnuB,  Fbanxlin  Cooswsll Bear  Admiral,  U.  S.  N.  (Betired),  The 

Cairo,  Washington,  D.  C. 
Skboeamt,  Gbobox,  Jr Prin.     Asst.    Engr.,    Atlantic    Ave. 

Impvt.,  L.  I.  B.  B.,  5  Hanson  PI., 

Brooklyn,  N.  Y. 
Srtdkb,   Gbobos  Dunoan Care,  Jacobs  k  Davies,  128  Broadway, 

New  York  City. 
Stuast,  Fbancib  Lbb Asst.    Engr.,    B.  k   O.   B.  B.   Co., 

Somerset,  Pa. 

Thomas,  Geobob  Edwabd 49  West  94th  St.,  New  York  City. 

Yiblb,  Maxtbicb  Augustus Care,  General  Electric  Co.,  44  Broad 

St.,  New  York  City. 
Wbbbb,  Alexamdbb  Hamilton U.  S.  Asst.  Engr.,  Board  of  Engrs.  for 

Bivers  and  Harbors,    Washington 

Barracks,  Washington,  D.  C. 
Wbbstxb,  Chablsb  Edwabd Cons.  Engr.,  Buffalo  k  Susquehanna 

B.  B.  Co.,  960  Ellicott  Sq. .  Buffalo, 

N.  Y. 
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Bkllowb,  Oboab  Francis Snpt.  of  Constr.,  Q.  M.  Dept.,  U.  S.  A. , 

159  East  Third  St.,  Oswego,  N.  T. 
Bbowmell,  Ernest  Hbnby Civ.   Engr.,   U.   S.   N.,   Nayy  Yard, 

Portsmontb,  N.  H. 
Burns,  James  Fkrottsom Bead  master,  Lonisyille  &  Nashville 

By.  Co.,  Lebanon,  Ky. 
CowpBR,  John  Whitfield Care,  Gonstr.  Dept.,  Britibh  Webting- 

honse  Electric  &  Mfg.  Co.,  Ltd.,  2 

Norfolk  St.,  Strand,  London,  Eng- 
land. 

CusHiNd,  BoBERT  Delano Lnnenburg,  Mass. 

DoRBANCB,  WHiiJAic  TuiXT Care,  Westlnghonse,  Church,  Kerr  A 

Co.,    Maritime    Bldg.,    New   York 

City. 
Eayenson,  Howard  Nicholas Chf .  Engr.,  United  States  Coal  &  Coke 

Co.,  Tug  Biver,  McDowell  Co.,  W. 

Va. 
Edwards,  Warrick  Biqelet Asst.  Ensr.  of  Bridges  and  Buildings, 

B.  &  O.  B.  B.,  Mt.  Bojttl  Station, 

Baltimore,  Md. 
Elliott,  John  Stuart ...  Civ.  and  Min.   Engr.,   69  Pine  St, 

New  York  City. 
Flinn,  Alfred  Douolas Managing   Editor,    The    Engineering 

Record,  21  Park  Bow,   New  York 

City. 
Fox,  Walter  Gordon  Diy.    Engr.,    Mo.    Pacific   By.   Co., 

Gassville,  Baxter  Co.,  Ark. 
Gillespie,  BiGBARD  Hen  WOOD Asst.     Engr.,    Dept.    of    Highways, 

Borough  of  the  Bronx,  New  York 

City. 

Hartwell,  Harrt 975  Park  Ave.,  New  York  City. 

Habwood,  George  Alec Asst.  Engr..  N.  Y.  C.  &  H.  B.  B.  B. 

Co.,  West  Shore  Station,  Syracuse, 

N.  Y. 
Hatden,  John  Bruce Boom  500,   Grand  Central    Station, 

New  York  City. 
Hazard,  Erssine Care,  Globe  &  Phoenix  Gold  Mining 

Co.,     Ltd.,     Sebakwe,     Bhodesia, 

South  Africa. 
Henry,  Philip  Walter Vice-Pres.,   Medina   Quarry    Co.,  80 

Broadway,  New  York  City. 

HoTF,  John  T  Note 447  Lexington  Ave.,  New  York  City. 

Humphrey,  Bicbard  Lewis Engr.  and  Gen.  Mgr.,  Buckhom  Port- 
land Cement   Co.,   1001    Harrison 

Bldg.,  Philadelphia,  Pa. 
Keats,  Bsoinald  Horton Engr.,   Farrell    &   Hopper   Co.,   112 

West  111th  St.,  New  York  City. 
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KnowxjDS,  MosBiB Civ.    and  Cons.    Engr.,   1017    Frick 

Bldg.,  Pittsburg.  Pa. 

I«OGXwooD,  WiLLABD  Datttb Corps  of  Eogrfl.,  U.  S.  A.,  Norfolk,  Va. 

M^BDSM,  WAiiTBR  Beubbn Chf.  EngT.,  The  United  Constrnction 

Co.,  467  Broadway,  Albany,  N.  Y. 

Mabtin,  Jamss  Wiluam 306  Michigan  St.,  Pueblo,  Colo. 

Mathxwbon,  Isaac. Ingeniero  del  F.  C.  M.  C.  y  P.,  641 

Paseo  NaeTo,  City  of  Mexico, 
Mexico. 

OsBousN,  Henbt  Van  Bubsm 352  Chestnut  Ave.,  Redlands,  Cal. 

Skltzbb,  Habbt  Kent He^.  Eogr.  for  Bridge  across  Fraser 

River,  Lock  Box  535,  New  West- 
minster, B.  C,  Canada. 

Stengeb,  Ebhsst Asst.  Supt.,  Union  Pacific  R.  B.  Co., 

109  Webt  Ellsworth  St.,  Denver, 
Colo. 

TiLDBN,  Chablbs  J08KPH 742  St.  Nicholas  Ave.,  New  York  City. 

TTBBKLii,  Wabbbn  Atbbs Care,  E.  P.  Maule,  Jr.,  1416  Chemical 

Bldg.,  St  Louis,  Mo. 

A880GIATB8. 

Qoodbll,  John  Melton Care,  Joseph  H.  Wallace,  Sault  Ste. 

Marie,  Mich. 

JUMIOBS. 

Baxeb,  Shiblbt 204  Front  St.,  San  Francisco,  Cal. 

Bbown,  Collinowood  Bbucb,  Jr Res.  Engr.,  Canadian  Pacific  Ry.  Co., 

London,  Ont.,  Canadn. 

Bubwbll,  Robkbt  Lbkmon Care,  S.   W.   Hayes,  Schnirel  Bldg., 

Geneva,  N.  Y. 

Haioht,  Hobaob  ds  Rbmeb Engr.  fur  Thos.  Prosser  &.  Son,  of  New 

York  City,  488  Western  Ave.,  Al- 
bany, N.  Y. 

Hall,  Mabtin  Welch Transitman,  Dept.  of  Sewers,  Bronx, 

(Kes.,  42  East  129th  St.),  New  York 
City. 

Habbt,  Isaac 301  Spring  St.,  Trenton,  N.  J. 

HowB,  Chables  Edwabd Care,  Wabash  Screen  Door  Co.,  Min- 
neapolis, Minn. 

MgFetbidob,  William  Sutton Div.  Engr.,   Little  Kanawha  R.  R., 

Elizabeth,  W.  Va. 

RuNTON,  William  Ebbpeb Care,  American  China  Development 

Co.,  Canton,  China. 

Ullmann,  John  Gbobob 110  White  Bldg.,  Buffalo,  N.  Y. 

Van  Pblt,  Sutton Care,  U.  S.  Engrs.,  Mobile,  Ala. 

Wei/ton,  Benjamin  Fbanklin Jay  St.,  New  Brighton,  N.  Y. 

WiLOOOX,  Fbkdbbick 147  Columbus  Ave.,  New  York  City. 

Williams,  Rooeb  Butleb,  Jr 315  South  Albany  St.,  Ithaca,  N.  Y. 
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DEATHS. 

Dayib,  John  Woodbbidgx Elected  Member  June  3d,  1885;  died 

November  7th,  1902.- 

Latbobe,  Chabues  Hazlehubst Elected  Member  NoTember  16th,  1870; 

died  September  19tb,  1902. 

Mbndell,  Geoboe  Henbt Elected  Member  September  6tfa,  1876; 

died  October  19th,  1902. 
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MONTHLY  LIST  OF  RECENT  ENQINEERINQ  ARTICLES  OF 

INTEREST. 

(October  8th  to  Noyember  11th,  1902.) 

Note. — This  list  is  published/or  the  purpose  of  placing  before  the  members 
of  the  Society  the  titles  of  curreyit  engineering  articles^  which  can  be  referred 
to  in  any  available  engineering  library ^  or  can  be  procured  by  addressing 
the  publication  directly,  the  address  and  price  being  given  wherever 
possible, 

UST  OP  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  yiumber  pre* 
fixed  to  each  journal  in  this  list. 


Fhiladel- 


(I)  Journal.  Assoc.  "Rug.  Soc,  267  South 
Fourth  St.,  Philadelphia.  Pa.,  80c. 

(a)  ProceediruiB,  Ens.  Club  of  Phila.,  1122 
Qlrard  St.,  Philadelphia,  Pa. 

(3)  Journal^   Franklin    Inst.,   Pb 

phia.  Pa.,  60c. 

(4)  Journal^  Western  Soc.  of  Engrs.,  Mo* 

nadnock  Block,  Chicafro,  111. 

(5)  Transctctions^  Can.  Soc.  C.  E.,  Mon- 

treal, Que.,  Canada. 

(6)  School  of  Mines  Quarterly^  Columbia 

Univ.,  New  York  City,  60c. 

(7)  Technology   Quarterly^  Mass.    Inst. 

Tech.,  Boston,  Mass.,  76c. 

(8)  Stevens  Institute  Indicator ^  Stevens 

Inst.,  Hoboken,  N.  J.,  60c. 

(9)  Engineering  Magazine,   New   York 

City,  26c. 

(10)  Cashier's  Magazine^  New  York  City, 

26c. 

(11)  Engineering  (London),  W.  H.  Wiley, 

New  York  City,  26c. 
da)  The  Engineer  (Jjondon),  International 
News  Co.,  New  York  Citv,  86c. 

(13)  Engineering  Netcs,  New  York  City, 

15c. 

(14)  The  Engineering  Record^  New  York 

City,  12c. 
(10)  Railroad  Gazette^  New  York  City, 
10c. 

(16)  Engineering  and    Mining  Journal^ 

New  York  City,  16c. 

(17)  Street  Railway  JoumcU^  New  York 

City,  86c. 

(18)  Railway  and   Engineering   Revievo^ 

Chicago,  111.,  10c. 

(19)  Scientific  American  Supplement^  New 

York  Citv,  10c. 

(ao)  Iron  Age^  New  York  City,  10c. 

(ai)  Ratlucay  Engineer^  London,  Eng- 
land, 25c. 

(aa)  Iron  and  Coal  TYades  Review,  Lon- 
don, England,  26c. 

(a3)  Buitetiny  American  Iron  and  Steel 
ASSOC.,  Philadelphia,  Pa. 

(34)  American  Qas  Laght  Journal^  New 
York  City,  10c. 

(as)  American  Engineer ^  New  York  (3ity, 

0)C. 

(»6)  Electrical  Review.  London,  England, 
(ay)  Electrical  World  and  Engineer,  New 

York  City,  10c. 
(a8)  Journal,  New  Eoorland  Water- Works 

Assoc.,  Boston.  $1. 
(39)  Journal,  hk>clety  of  Arts,  London, 

England,  15c. 
(30)   Annales   des    Travaux   Publics  de 

Belgtque,  Brussels,  Belgium. 


(31)  Annates  de  V  Assoc,  des  Ing.  Sortis 
des  EcSle  St>iciales  de  Oarid,  Brus- 
sels, Belgium. 

(3a)  Mimoires  et  Compte  Rendu  des  Tra- 
vatue,  Soc.  Ing.  Civ.  de  France. 
Paris,  France. 

(33)  Le  (Hnie  C»w7.  Paris,  France. 

(34)  Portefeuille    Ekionomique    des   Ma^ 

chines.  Paris,  France. 
(33)  Nouvelles  Annates  de  la  Construe' 

tion.  Paris,  France. 
(36)  La  Revue  Technique,  Paris,  France. 


(37)  Revue  de  M^canique,  Paris,  France. 

(38)  Revue  Oinirtile  des  Chemins  de  Fer 

et  des  Tramways,  Paris,  France. 

(39)  Railway  Master  Mechanic^  Chicago, 

III.,  10c. 

(40)  Railu}ay  Age,  Chicago,  111.,  10c. 

(4 1 )  Modem  Machinery  ,Chicaffo,  111.,  lOe. 
(4a)  Transactions,  Am.  Inst.  Elec.  Engrs., 

New  York  Citv,  50c. 

(43)  Annales    des    Fonts   et    Chausaies^ 

Paris,  France. 

(44)  Journal,    Military  Service    Institu- 

tion, Gtovemor's  Island,  New  York 
Harbor,  50c. 
(48)  Mines  and  Minerals,  Scranton,  Pa., 
20c. 

(46)  Scientific  American,  New  York  City, 

8c 

(47)  Mechanical  Engineer,    Manchester, 

England. 
(S4)  Trans<tctions,  Am.  Soc.  C.  E.,  New 

York  City,  $6. 
(88^  Transactions,  Am.  Soc.  M.  E.,  New 

York  City,  $10. 

(56)  Transactions,  Am.  Inst.  Min.  Engrs., 

New  York  City,  $6. 

(57)  Colliery  Ouardian,Jjou<ion,  England. 
(88)  Proceedings,  Eng.   Soc.    W.  Pa.,  410 

Penn  Ave.,  Pittsburg,  Pa.,  50c. 
(59)  Transactions,  Mining  Inst,  of  Soot- 
land,  London  and  Newcastle-upon- 


Tyne 
(60)  Municipal    Engineering, 
olis,  Ind.,  25c 


Indianap- 


(61)  Proceedings,  Western  Railway  Club, 
226  Dearborn  St.,  Chicago,  111.,  26c. 

(6a)  American  Manufacturer  and  Iron 
World,  50 Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 
London,  England. 


(64)  Power,  New  York  City,  20c 
fficial  Proceedings,  Kew  1 
road  Club,  Brooklyn,  N.  Y.,  16c. 


(6s)  Official  Proceedings,  New  York  Rail- 


(66)  Journal  of  Oas  Lighting,  London, 

England,  \hc. 

(67)  Cement  and  Engineering  News,  Chi- 

cago, HI.,  ^Sbc. 

(68)  Mining  Journal,  London,  England. 
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LIST  OP  ARTICLES. 
Bridge. 

Superstructure  of  the  iDterproTlncial  Bridge,  Ottawa.*    F.  P.  Sherwood.    (5)  VoL  xr, 

Pt.  2. 
Ckmstruction  of  the  Substructure  of  the  Royal  Alezmdra  (Interprovinclal)  Bridge  at 


Ottawa,  Canada.*    Guy  C.  Dunn.    (5^  Vol.  zy,  Pt.  2. 

_        U.  D.  Bush.    (s)~ 
The  Erection  of  the  Walnut-Tree  Viaduct,  on  the  Rnymney  Branch  of  the  Barry  Bafl- 


Erection  of  the  Alexandra  Bridge.*    U.  D.  Bush,    (s)  Vol.  zv,  Pt.  S. 


way.*    A.lfred  Pearce.  M.  Inst.  C.  E.    (63)  Vol.  czlix. 
A  Four-Truss  Double-Deck  Railroad  Bridge.*    (14)  Serial  beginning  Oct..  11. 
Highway  Bridge  of  465-Ft.  Span  over  the  Miami  River,  at  New  Baltimore,  O.*    (13) 

Oct.  16. 
The  Des  Moines  Steel  Viaduct.*    ( la  1  Oct.  24. 
The  Rio  Grande  Bridge  of  the  Pacific  Railway  of  Costa  Rica.*    (14)  Serial  beginning 

Oct.  26;  (13)  Oct.  28;  (ao)  Oct.  28;  (11)  -Sdrial  beginning  Oct.  24. 
The  Pennsylvania  R.  R.  Bridge  at  Fifty-second  Street,  Philadelphia.*    (14)  Oct.  25. 
Fall  of  a  Railway  Bridge  near  Headville,  Pa.*    ( 13)  Oct.  80. 
Cooper's  Bridge  Foundat-ion  Specifications.    (14)  Not.  1. 
The  Design  of  Concrete  Piers  with  Metal  Shells.*    Theodore  Cooper,  M.  Am.  Soc.  C.  E. 

(13)  Nov.  6. 
Note  sur  le  Langage  de  la  Superstructure  M6tallique  du  Viaduc  sur  le  Rh6ne  il  Avignon 

(Compagnie  Paris-Lyon-M6diterran6e.)    (38)  Oct. 
Trac6  graphique  des  Deformations  ^astiques  des  Systdmes  Triangulds.*    J.  Kedhoff . 

(30)  Oct. 
Le  Nouveau  Pont  sur  le  Rhdne,  &  Valence.*    A.  Dumas.    (33)  Oct.  25. 

Electrical. 

The  Electrochemical  Industries.    Samuel  Sheldon.    '4a)  June  and  July. 

The  Electric  Furnace  in  Industrial  Chemistrjr.    Charles  B.  Jacobs.     (4a)   June  and 

July. 
Electrolvtic  Conduction  without  Electrodes.    Carl  Bering.    (4a)  June  and  July. 
Liquid  Potentiometer;  Determining  Electroljrtic  Resistances  with  Direct  Current  Instru- 
ments    Carl  Bering,    c  4a )  June  and  July. 
Point  of  Cut-Ofl^  in  a  Battery  Discharge.    Carl  Hering.    (4a)  June  and  July. 
Electrolytic  Recovery  of  Copper  from  Low-Grade  Ores.    N.  S.  Keith.    (4a)  June  and 

July. 
Some  Common  Faults  in  Exterior  Illumination.    S.  Everett  Daane.     (4a)  June  and 

July. 
A  New  Line  of  Electrical  4ppiratus.*    (18)  Oct.  11. 
Scope,  Extent  and  CcMistruction  of  the  unierground  Conduits  of  the  Illinois  Telephtxie 

and  Telegraph  Co.  in  Chicazo.*    George  w.  Jackson.    (4)  Oct. 
The  Automatic  Telephone  and  Switchboard.*    A.  E.  Kleth  and  J.  F.  Crook.    (4)  Oct. 
A  Description  of  Some  of  the  Largest  Long-Distance  Transmissions  of  Electrical  Energy 

in  the  World.    Alton  D.  Adams.    (45 1  Oct. 
The  Making  of  a  Dynamo.*    Henry  A.  Mavor,  M.  Inst.  C.  E.    (a6)  Oct.  8. 
Dr.  Muirhead's  New  Mode  of  Transmission  and  Relay  for  Cables.    John  Munro.    (a6; 

Serial  beginning  Oct.  8. 
Electrical  Plant  at  the  DOsseldorf  Exhibition.*    (a6)  Serial  bM^innfng  Oct.  8. 
Double  Current  Generators  and  Rotary  Converters.    Sydney  wood  field,    (ad^l  Oct.  8. 
The  Application  of  Electric  Power  in  the  Iron  and  Steel  Industries.    D.  Selby-Bigge. 

(Paper  read  before  the  Iron  and  Steel  Inst.)    (11)  Serial  beginning  Oct.  10. 
Long  Transmission  from  a  Steam  Station  for  Electric  Traction.*    (a?)  Oct  11. 
Faller  Automatic  Telephone  Exchange."*    (46)  Oct.  11. 
The  Joint  Use  of  Underground  Conduits  for  High  and  Low  Tension  Wires.    Chas.  F. 

Hopewell.    (Abstract  of  paper  read  before  the  International  Assoc,  of  Municipal 

Electricians. )    (13)  Oct.  16. 
Notes  on  the  Practical  Working  of  Rotary  Converters.*   J.  R.  Salter.    (a<()  Oct  17. 
Electric  Power  Installation  near  Butte,  Montana.*    (19)  Oct.  18. 
The  Rowland  Rapid  Telegraph  System.*    (37)  SeriaJi  beginning  Oct.  18. 
Computation  of  Regulation  of  Alternating  Current  Generators.    Virginius  D.  Moody. 

(ay)  Oct.  18. 
The  Works  qf  the  British  Thomson-Houston  Company,  at  Rugby.*    (aa)  Oct.  24;  (a6) 

Oct.  24. 
Electric  Lighting  In  the  Union  Trust  Company's  Building,  Providence,  R.  I.*    (14) 

Oct.  26. 
The  Armature  Reaction  of  Alternators.    C.  F.  Guilbert.    (ay)  Serial  beginning  Oct.  25. 
Electric  Storage  Battery  Locomotives.    Thos,  J.  Fay.    (ay)  Oct.  25. 
The  Rowland  Multiplex  System  of  Pasre-Prlnt  ing  Telegraphy.*    (46)  Oct.  26 
Notes  on  Recent  American  Installations.     Frank  Broadbent.     (a6)  Serial  beginning 

Oct.  81. 
Notes  on  the  Testing  of  Tramway  Motors  and  an  Investigation  into  their  Characteristic 

Properties.    Michael  B.  Field,  A.  M.  Inst.  C.  K.    (a6)  Serial  beginning  Oct  81. 
A  Review  of  Wireless-Telegraph  Engineering  Practice.*    A.  Frederick  Collins.    (9) 

Nov. 
Cost  of  Energy  In  Electrical  Supply.    Alton  D.  Adams.    (9)  Nov. 
Modem  Machinery  at  Shawinigan  Power  Plant.*    (41)  Nov. 

*  Illustrated. 
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Electrical— Continued. 

The  Central  Station  of  the  Berlin  Elevated  and  Underground  Railway.*    (64)  Nov. 

Electric  Street  Lighting.    Alex.  Dow.    (60)  Nov. 

Power  Plant  of  the  Cambridge  Electric  Light  Company,  Cambridge,   Mass.*    (14) 

Nov.  1. 
Modem  Switchboard  Practice.*    H.  P.  Davis.    (17)  Nov.  1, 
20  000- Volt  Three-Phaae  Plant  in  France.*    P.  Letheule.    (37)  Nov.  1. 
District  Central  Station  Plant  in  England.*    (37)  Nov.  1. 
The  Pike's  Peak  Power  Plant.*    (16)  Nov.  8. 
The  Use  and  Advantages  of  the  Alternating  Current  for  Land  Telegraphy.    Edwin  F. 

Northrup.    (37)  Serial  beginning  Nov.  8. 
An  Integrating  Photometer  for  Glow  Lamps  and  Sources  of  Like  Intensity.    Charles  P. 

Matthews.    (37)  Nov.  8. 
Installations  Blectriques  des  Mines  du  B0I60  &  Santa-Rosalia  (Mexique).*     Eugdne 

Hoffmann.    (33)  Sept.  27. 
Moteurs  Blectriques  &  Vitesse  Variable  des   Ateliers  de  Construction  d'Oerlikon 

(Suisse)*    (33)  Oct.  18. 
UsineHydro-BlectriquedeVouvry  (Suisse).*    A.Dumas.    (33)  Oct.  18. 

Marine. 

On  the  Strength  of  Very  Rapid  Vessels.    (13)  Oct.  8. 

The  French  Armoured  Cruiser  Kleber*    (13)  Oct.  8. 

The  Launch  of  the  White  Star  Liner  Cedric*    Harold  J.  Shepetone.    (19)  Oct.  11. 

The  New  Atlantic  Liners,    (la)  Oct.  17. 

Report  of  the  Special  Board  on  Tests  of  Liquid  Fuel  for  Naval  Purposes,    (ao)  Oct.  80; 

(19)  Nov.  8. 
The  Seven- Masted  Schooner— In  (General  and  in  Detail.*     Henry  P.  Jones.    (13)  Nov.  6. 

Mechanical. 

Some  Special  Problems  in  Valve-Gear  Design  by  the  Zeuner  Diagram.    Walter  C. 

Kretz.    (6)  July. 
Smoke  and  Its  Abatement  in  Li^ge  Cities.    C.  H.  Benjamin.    (7)  Sept. 
Aerial  Cable  Transportation.*    William  Hewitt.    (3)  Oct. 
The  Heating  Effect  of  (ias.    W.  R.  Crane.    (45)  Oct. 
Design  of  Gas  Engines,    James  Dunlop.    (47)  Serial  beginning  Oct.  4. 
The  Slow  Advance  and  Quick  Return  Motion  as  Producea  by  Means  of  Elliptical  Wheels. 

C.  W.  MacCord.    (8)  Oct. 
Test  and  Analysis  of  a  Windmill.     Howard  V.  Meeks  and  George  H.  Sander.    (8)  Oct. 
The  Loss  of  Heat  from  Bare  Steam  Pipes.    Charles  P.  Paulding.    (8)  Oct. 
The  Sollgnac  Boiler.    W.  H.  Booth,  BL  Am.  Soc.  C.  E.     (Paper  read  before  the  British 

Assoc.)    (47)  Oct.  4. 
Meeting  the  Demands  of  the  Times  at  Croydon.*    (66)  Oct.  7. 
A  High  Drop  Test  of  an  Elevator  Safety  Air  Cushion.    (13)  Oct.  0. 
Test  of  Steam  Turbine  at  Hartford.*    (30)  Oct.  9. 
Process  of  Shaping  Metal  I-Beams,  Channel-Beams,  etc.*    (63)  Oct.  9. 
The  Electrical  Manufacture  of  Peat-Fuel.*    (46)  Oct.  11. 

The  Commercial  Development  of  the  Gas  Engine.*    (47)  Serial  beginning  Oct.  11. 
The  Brice  Kiln  and  Furnace.*    (30)  Oct.  16, 
The  Norton  Grinding  Machine.*    (11)  Oct.  17. 
Th^  Hult  Rotary  Steam  Engine.*    (11)  Oct.  17. 

The  Mechanical  Plant  of  the  Prudential  Buildings,  Newark,  N.  J.*    (14)  Oct.  18. 
Relays  and  Governors.*    Arthur  Rigg.    (i3jOct.  17. 
The  Steam  Turbine— Its  Commercial  Aspect.*    Edward  H.  Snif&n.    (17)  Oct.  18;  (ao) 

Oct.  28;  (13)  Oct.  80. 
The  Portable  Gravity  Concrete  Mixer.*    ( 18)  Oct.  18. 
A  New  Plant  for  Handling  Blast  Furnace  Slag.*    (30)  Oct.  28;  (63)  Nov.  6, 
Manufacture  of  Coke  from  Compressed  Fuel.*   John  H.  Darby.    (Paper  read  before  the 

Iron  and  Steel  Inst. )    (45)  Oct;  (63 )  Oct.  28. 
The  Westinghouse  Steam  Turbine.*    Edwin  Yawger.    (Read  before  the  Ohio  Electric 

Light  Assoc. )    (63)  Oct.  28. 
Oil  Motor  C^ars  of  1902.    C.  C.  Longridge.    (Paper  read  before  the  Inst,  of  Mech.  Engrs.) 

(11)  Serial  beginning  Oct.  24;  (13)  Serial  beginning  Oct.  24. 
Aerodromes.*    S.  D.  Mott.    (19)  Oct.  25. 
(jtorman  Processes  and  Machinery  for  Briquette  Manufacture.    Frank  H.  Mason.    (19) 

Oct.  25. 
The  New  Plaissetty  Mantle.*    (66)  Oct.  28. 
New  Gas-Produchig  Plant  at  Oldham.*    (66)  Oct.  28. 
The  Making  of  Welsbach  Mantles.*    (66)  Oct.  21. 
The  Brady  Steam  Turbine.*    (30)  Oct.  80. 

On  the  Baluicing  of  Locomotive  Engines.    W.  C.  Keroot.    (Paper  read  before  the  Aus- 
tralian Assoc,  for  the  Advancement  of  Science.)    (11)  Oct.  81. 
The  Dflsseldorf  Exhibition:  Steam  Boilers.*    (11)  Oct.  81. 
The  Utilisation  of  the  Peat  Fuels  of  Europe.*    Adolf  Dal.    (9)  Nov. 
Pxx)gre6S  in  Internal-Combustion  Engines.    W.  H.  Booth.    (9)  Nov. 
Compressed  Air  in  the  Machine  Shop  and  Foundry.*    William  L.  Saunders.    (10)  Nov. 
The  Multiplication  of  Cutting  Tools.*    Joseph  Holder.    (lo)  Nov. 

*  Illustrated. 
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Mechanloil—  Continued . 

Electric  Power  in  the  Machine  Shop:  Considerations  Affecting  the  Choice  of  a  Distribut- 
ing System.*    W.  M.  McFarlana.    ( lo)  Nov. 

Modem  Foundry  Appliances.*    Richard  Moldenke.    (lo)  Not. 

Cvlindrical  Grinding  Machines.*    J.  E.  Frantz.    (lo)  Nov. 

The  Trend  of  Machine  Tool  Design.*    Joseph  Horner.    ( lo)  Nov. 

Cranes  for  Machine  Shops.*    George  L.  Clark,    do)  Nov. 

Portable  Machine  Tools.*    Forrest  K.  Jones,    (lo)  Nov. 

Milling  Machines  in  the  United  States.*    Chas.  S.  Gingrich,    (lo)  Nov. 

Limit  Gauges  in  the  Workshop.*    W.  H.  Booth.    ( lo)  Nov. 

Oil  Systems.    H.  D.  Drew.    (6a)  Nov. 

Comparative  Methods  of  Heating  Feed  Water.    (64^  Nov. 

Power  Plant  of  the  Cambridge  Electric  Light  Company,  Cambridge,  Bfass.*    ( 14)  Nov.  1. 

The  Smokeless  Combustion  of  Bituminous  Fuels.  (Paper  read  before  the  Brit Isn  Assoc.  > 
W.  H.  Booth.    (47 )  Nov.  1. 

Milling  Cutters.    S.  N.  Brayshaw.    (Paper  read  before  the  Manchester  Assoc,  of  Engrs.) 


(47)  Nov.  1. 
ming 


Burning  Coal  Dust  without  Smoke.*    (ao)  Nov.  6. 

Boiler  Scale  and  the  Transmisttion  of  Heat.    (From  the  Locomotive.)    (6a)  Nov.  0. 

Air  Appliances  in  the  Wabash  Shops.*    (40)  Nov.  7. 

An  Economical  Mill  Engine.    (14)  Mov.  8. 

The  Escalator.*    (14)  Nov.  8. 

The  Briquettingof  Fuels.    R.  Schorr.    (16)  Nov.  8. 

Mat6riel  de  Broyage.*    J.  Gourp.    (33)  Sept.  85. 

Transporteur  Monorail  A6rien:  Systems  A.  Armand  et  Koch,  Ing^nleurs,  k  Nancy.*   (34) 

Oct. 
SurcbauflFeurs  de  Vapeur.*    Loffet.    (36)  Oct.  25. 

Metallurgical. 

Electrolytic  Recovery  of  Copper  from  Low- Grade  Ores.  N.  S.  Keith.  (4a)  June  and  July. 

On  the  Determination  of  Lead  in  Ores.    Irving  C.  Bull.    (6)  July. 

Slag  and  Metal  Ladles.*    ( aa)  Serial  b<>ginning  Oct.  8. 

Notes  on  the  Treatment  of  Slimes  by  Filter  Presses.    Clement  Dixon.    (Read  before  the 

Chemical  and  Metallurgical  Society  of  South  Africa.)    (68)  Serial  beglnningOct.  4. 
The  Elimination  of  Silicon  in  the  Acid  Open-Hearth.    Andrew  McWiUiam  and  William 

H.  Hatfield.    (6a)  Oct.  16. 
The  Direct  Cyanidlng  of  Wet  Crushed  Ores  in  New  Zealand.    HamUton  Wingate.    (16) 

Oct.  85. 
Vacuum  Casting.    A.  E.  Fay.    (ao)  Nov.  6. 
A  Modem  French  Blast  Furnace.*    (:to)  Nov.  6. 

Some  Notes  on  High  Blast  Furnace  Duties.    Herbert  Lang.    (^16)  Nov.  8. 
Installations  Am6ricaines  de  Fours  Siemens-Martin.*    A.  de  Riva-Bemi.    (33)  Sept.  27. 
Les  Hants  Foumeaux  et  Forges  de  Cette.*    Ch.  Dantin.    (33)  Oct.  1 1 . 

Military. 

Armor  Projectiles  and  Military  Explosives.*    Charles  C.  Jamleson.    (4)  Oct. 

Mining. 

Testing  Mine  Explosives.    A.W.Warwick.    (45)  Oct. 

Shaft  Surveying  *    T.  Lane  Carter.    (16)  Oct.  fl. 

Dry  Blowers  in  Australian  Gold  Placers.*    (i6>  Oct.  11. 

The  Kansas  Coal  Mines  of  the  Missouri  Valley.*    W.  R.  Crane.    ( 16)  Oct.  18. 

Past  and  Present  Shaft  Sinking  Methods  in  Australian  Gold  Mining.    F.  D.  Johnson. 

(68)  Serial  beginning  Oct.  18. 
Timbering  in  German  Collieries.*    (57)  Serial  beginning  Oct.  24. 
Washing  Bituminous  Coal  by  the  Lunrlg  Process.*    J.  Y.  Schaffer.    (6a)  Oct.  80. 
On  the  Erection  and  a  Few  Tests  of  a  Turbo-Fan  and  Generator  at  Hurlton  Colliery.* 

Alfred  J.  Tonge.    (a a)  Oct.  80. 
Experiments  with  Coal-Cutting  Machines  in  the  Ruhr  District.*    (57)  Oct.  81. 
Mine  Timbering  by  the  Square-Set  System  at  Rossland,  B.  C*    Bernard  Macdonald. 

rPaper  read  before  the  Canadian  Min.  Inst. )      (16)  Nov.  1. 
Coal  Stripping  by  Steam  Shovel  in  Kansas.*    W.  R.  Crane.    (16)  Nov.  8. 
Installations  Electriques  d'Epuisement.*    J.  Loubat.    (36)  Oct.  26. 
titude  sur  les  Feux  des  Mines  de  Houllle.    J.  Abadie.    (33)  Serial  beginning  Oct.  4. 

Mtscellaneoas. 

Engineering  in  Aiventina.    E.  L.  Corthell.    (4 )  Oct. 

Depreciation  as  Affecting  Engineered  Structures.    Horatio  A.  Foster,    (a)  Oct. 

Munldpal. 

The  Development  of  the  Bituminous  Macadam  Pavement.  Fred.  J.  Warren.  (Abstract 
of  paper  presented  to  the  Amer.  Soc.  of  Mun.  Improvements.)  (14)  Oct.  11;  (60) 
Nov. 

A  Study  of  Road-BuOding  Gravels.    Ira  O.  Baker,  M.  Am.  Soc.  C.  E.    (13)  Oct.  28. 

Report  of  the  Committee  on  Park  Development  aud  Maintenance,  G.  A.  Parker,  Chair- 
man, Amer.  Soc.  Mun.  Improvements.    (60)  Nov. 

The  Use  of  Wood  Pavements  Under  Heavy  Traffic*    F.  A.  Kummer.    (60)  Nov. 

*  Illustrated. 
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Railroad. 

Note  on  the  Use  of  ''  Serve ''  Steel  Tube«  in  a  High  Preasure  Locomotive  Boiler,  and 
Their  Efficiency  at»  Compared  with  That  of  Plain  Iron  Tubes.*  James  M archbanKs, 
M.  Inst.  C.  E.    (63)  Vol  cxliz. 

Economics  of  Railway  Improvements.    W.  W.  Colpltts.    (5)  Vol.  xr.,  Pt.  8. 

Locomotive  and  Car  Scrap.*    T.  A.  La  wee.    (61)  Sept. 

One  Cause  of  Lealcy  Flues.    8.  W.  Miller.    (61)  Sept. 

Atlantic  Type  Locomotive,  Chesapeake  &  Ohio  Railway.*    (39)  Oct. 

High-Capacity  Wagons.*    (aa)  Serial  beginning  Oct.  8. 

New  Designs  of  100  000-Lbs.  Capacity  Oondolas  for  the  Pennsylvania.*    (15)  Oct.  10. 

The  Use  of  Superheated  Steam  in  Locomotives*    ( 15)  Oct.  10. 

Circulating  Pipe  for  Piston  Valve  Locomotives.*    (40)  Oct.  10. 

Ten-WheelFrelght  Locomotives  for  the  C,  H.  &  D.  Ry.*   (18)  Oct.  11. 

A  Combined  Caboose  and  Repair  Car.*    (18)  Oct.  11. 

The  Weehawlten  Inclined  Railway.*    Charles  L.  Duenkel.    (13)  Oct.  16. 

The  Quick  Renewal  of  Permanent  Way.    (la)  Oct.  17. 

Po«ibilities  Ld  American  Locomotive  Design.    W.  F.  M.  Ooss.     (is^  Oct.  17. 

Electro-Pneumatic  Interlocking  at  the  Pittsburg  Terminal,  P.  R.  R.  and  Lines.*  (18) 
Oct.  18. 

Improvement  of  Water  Service  on  Railways.*    (18)  Oct.  18. 

Fast  Express  for  the  Big  Four  R.  R.*    ( 13 )  Oct.  SS;  ( 15 )  Oct.  81 . 

Electro-Pneumatic  Interlocking  at  Albany.*    (15)  Oct.  94. 

The  Union  Electric  Semaphore  Signal.*    (19)  Oct.  85. 

A  Method  of  Preparing  and  Prdserving  Records  of  Railway  Real  Estate.  Arthur  Havi- 
land,  M.  Am.  Soc.  C.  E.    (13)  Oct.  80. 

Railway  PUe  Drivers.*  (Abstract  of  Committee  Report  presented  to  Annual  Conven- 
tion of  Assoc,  of  Ry.  Supts.  of  Bridges  and  Buil(ungs.)    (13)  Oct.  SO. 

Oil  Fuel  for  Locomotives.*    (15)  Oct.  81. 

The  Railway  System  of  Natal.*    J.  HartleyKnight.    (9)  Nov. 

A  Compound  Switching  Locomotive,  New  York,  New  Haven  &  Hartford  Railroad.*  (aj) 
Nov. 

The  London  and  North  Western  Engine  Charles  DickeiM*    (ai)  Nov. 

Locomotives  Using  Superheated  Steam.*    (as)  Nov. 

New  Six-Coupled  Freight  Locomotives  *    (a*)  Nov. 

Side  Play  Required  in  Car  Couplers.    Theo.  B.  Curtis,    (as)  Nov. 

Electrically  Oparated  Turntables.*    (as )  Nov. 

Automatic  Orease  Lubricator  for  Locomotive  Driving  and  Truck  Journals;  Delaware, 
Lackawanna  &  Western  Railroad  *    (ax)  Nov. 

New  Passenger  Locomotives  for  the  Vandalia  Line.*    ( 18)  Nov.  1. 

The  New  Shops  of  the  Atchison,  Topeka  &  Santa  F6.*    ( 15)  Nov.  7. 

Good  Practice  in  the  Use  of  Distant  Signals.*  W.  H.  Elliott.  (Paper  to  be  read  before 
the  Ry.  Sismaling  Club  at  Pittsburg. )    ( 13 )  Nov.  7;  (18)  Nov.  8. 

The  Automatic  Train  Controller.*    (46)  Nov.  8. 

Le  Chemin  de  Fer  de  TEngadine.*    Henry  Martin.    (\$)  Oct.  4. 

L^Echappement  dans  les  Machines  Locomotives.    H.  Noalhat.    (36)  Oct.  10. 

Railroad.  Street. 

Electrical  Traction  on  Railways.*  William  Morris  Mordey  and  Bernard  Maxwell  Jenkin, 
M.  Inst.  C.  E.    (63 )  Vol.  cxlix. 

The  Present  Position  of  Electric  Traction  on  Tramways  and  Roads,  with  Special  Ref  er- 
'  ence  to  Accumulator  Traction.*  William  Ranson  Cooper,  Assoc.  M.  Inst.  C.  E.  (63) 
Vol.  cxlix. 

The  Construction  of  Perfect  Track.    J.  C.  Brackenridge  and  R.  Trimble.    (65)  Sept. 

The  Electrification  of  the  South  London  Tramways.*    (11)  Serial  beginning  Oct.  3. 

The  Aurora,  Elgin  &  Chicago  Third-Rail  Electric  Interurban  Railway.*    (13)  Oct.  9. 

Specifications  for  (Concrete  Work;  Aurora,  Elgin  &  Chicago  Ry.    (13)    Oct.  9. 

New  Fireproof  Rolling  Stock  for  the  Central  London  Underground  Railway.*  (17) 
Oct.  if 

Signals  for  Urban  and  Interurban  Railways.  O.  W.  Palmer,  Jr.  (13)  Oct.  16;  (17) 
Oct.  18. 

The  Elberfeld  Su<9pension  Railway,    (la)  Serial  beginning  Oct.  24. 

The  Design  of  Street  Railway  Terminals.*    (1^)  Oct.  80. 

The  Street  Railwav  System  of  Zurich.*    (17)  Nov.  1. 

Tranfiformers for  IVstingRailway  Armatures.    (17)  Nov.  1. 

Remoyal  of  Sleet  from  a  Third  Rail.    George  T.  Hanchett.    (17)  Nov.  1. 

The  Underground  and  Elevated  Electric  Railway  in  Berlin;  Now  Completed  and  in  Opera- 
tion.*   Frank  C.  Perkins.    (10)  Nov.  1. 

Some  Features  of  the  Valtellina  Three-Ptiase  Railway.*    Cesare  Pio.    (a7)  Nov.  1. 

10  000-Volt  Alternating-Current  Locomotive.*    (a7)  Nov.  8. 

Sanitary. 

Discharge  of  Sewage  from  Toronto  Sewers  in  1900.*    Cecil  B.  Smith,    (s)  Vol.  xv,  Pt.  1. 

Notes  on  Designing  Chicago  Sewers.    C.  D.  Hill.    (4)  Oct. 

Glassfow's  Main  Drainage  and  Sewage  Treatment.*    ( 1  a )  Oct.  8. 

The  Second  Report  of  the  Royal  Commission  on  Sewage  Disposal.    (13)  Oct.  9. 

*  Illustrated. 
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Sanitary— Continued. 

The  Treatment  of  Manchester  Sewage.    G.  J.  Fowler,    (ii)  Serial  beginniDg  Oct.  10. 
Residential  Septic  Tanks.    Burton  J.  Ashley.    (Paper  presented  to  the  Amer.  Soc.  of 

Mun.  Improvements.)    (14)  Oct.  11. 
A  Concrete-Steel  Sewer.*    (14)  Oct.  11. 
Sewer  Maintenance;  Under  wliose  Supervision  and  Why?   John  H.  Emlgh.    (Extract 

from  paper  presented  to  Amer.  Soc.  of  Mun.  Improvements. )    (14)  Oct.  11 ;  (60)  Nov. 
Report  of  the  Chairman  of  the  Committee  on  Sewerage  and  Sanitation;  lYesented  to  the 

Amer.  Soc.  of  Mun.  Improvements,  by  A.  Prescott  Folweli.    (14)  Oct.  16;  (60)  Nov. 
Refuse  Destructors.    W.  l*  rancis  Goodrich.    (47)  Serial  beginning  Oct.  18. 
Sewage  Disposal  at  West  Bromwich,  England.    (14)  Oct.  26. 
On  the  Use  of  Gas  for  Warming  Inclosea  Space,    w.  H.  Birchmore.    (34)  Oct.  87. 
Heating  Machine  and  Other  Large  Workshops:  The  Advantages  of  the  Fan  System. 

Henry  I.  Snell.    ( 10)  Nov. 
The  Bloloffical  System  of  Sewage  Disposal.    John  N.  McClintock.    (60)  Nov. 
Water  Supply  Systems  in  the  Ansonia  Apartment  Hotel.*    (14)  Nov.  1. 
Storm  Flows  from  City  Areas,  and  Their  Calculation.    Ernest  Wilder  Clarke.    (13) 

Nov.  6. 
Power  and  Ventilation  in  the  Bush  Temple  of  Music.  Chicago.*    (14)  Nov.  8. 
New  Automatic  Regulators  for  Septic  Tanks  and  Contact  Beds.*    ( 14 )  Nov.  8. 
The  Vitality  of  Sewage  Bacteria  in  Soil  and  the  Antagonism  of  Soil  Bacteria  to  the 

Typhoid  Bacillus:  A  Review  by  G.  C.  Whipple.    (14)  Nov.  8. 
Un  Nouveau  Systdme  de  Chauflage  par  la  Vapeur  et  I'Eau  Chaude  Combindes.*  Am.  de 

Meyere.    (31)  Vol.  I,  Pt  2. 
Abaque  de  TEooulement  des  Liquides  dans  les  figouts  Formes  de  Tuyauz  en  Grte  Ver- 

niss^.*    Georges  Vellut.    (30)  Oct. 

Structural. 

Some  Experiments  on  Conjugate  Pressures  in  Fine  Sand,  and  their  Variation  with  the 

Presence  of  Water.*    George  Wilson,  Assoc.  M.  Inst.  C.  E.    (63)  VoL  cxlix. 
Failure  in  a  Building  Carried  on  Columns.*    Courtenay  Thornton  Clifton,  M.  Inst.  C.  E. 

(63)  Vol.  cxlix. 
Construction  m  Concrete  and  Reinforced  Concrete.*  Charles  Fleming  Marsh,  Assoc.  M. 

Inst.  C.  £.    (63)  Vol.  cxlix. 
The  Theory  of  Oast-Iron  Beams.    Edward  Vincent  Clark,  Stud.  Inst.  C.  E.    (63)  Vol. 

cxlix. 
On  the  Effect  of  Time  and  Temperature  on  the  Strength  of  Steel  and  Iron.    Ernest  Geo. 

0>ker.    (5)  Vol.  xv,  Pt.  I. 
The  Hennebique  System  of  Armored  Concrete  Construction.*    Leopold  Mensch.    (1) 

Sept. 
Some  Recent  Experiments  with  Cements,  Mortar  and  Concrete.  Thomas  S.  Clark.  (67) 

Oct. 
The  Manchester  Municipal  School  of  Technology*    (11)  Oct.  10. 
Fire  Test  of  a  Lock- Woven  Metal  Concrete  Floor.*    {14)  Oct.  11. 
Timber  Preserving  Plant  of  the  Alamogordo  Lumber  Co.*    (13 )  Oct.  28. 
The  Adoption  of  a  Single  Grade  of  Steel  in  Structural  Specifications.    Albert  J.  Himes, 

M.  Am.  Soa  C.  E.    (13)  Oct.  28. 
Tests  to  Determine  the  Protection  Afforded  to  Steel  by  Portland  Cement  Concrete.* 


Charles  L^  Norton.    (1^)  Oct.  28. 

John  Stephe; 
The  Cause  of  Masonry  Disintegration.    Halbert  Powere  Gillette.    (i3)  Oct.  28. 


Columns  for  Buildings.*    John  Stephen  Sewell.    (13)  Oct.  28. 


The  New  Works  of  the  B.  F.  Sturtevant  Co.,  at  Hyde  Park,  Massachusetts.  W.  B.  Snow, 

M.  Am  Soc.  M.  E.    (13)  Oct.  80. 
Fire  Prevention  for  Machme  Shops,    Albert  Blauvelt.    ( 10)  Nov. 
Machine  Shop  Floors.*    Milton  P.  Higgins.    (10)  Nov. 
A  Protracted  Job  of  Underpinning.*    (14)  Nov.  1. 

The  Erection  of  the  Pennsylvania  R.  R.  Train  Shed,  Pittsburg.*    (14)  Nov.  1. 
Fire  and  Load  Tests  of  Concrete-Steel  Floors.*    (14)  N  ov.  1 . 
Corrosion   of  Steel   Frames  of   Buildings.     Charles  L.   Norton.    (20)   Nov.  6;    (14) 

Nov.  8. 
Some  Notes  on  Cement  Masomy.    J.  N.  Knapp.    (Paper  read  before  Amer.  Gas-Light 

Assoc.)    (34;  Nov.  10. 

Topograpbical. 

The  United  States  Geological  Survey  Topographic  Slide  Rule.*    Gerard  H.  Matthee. 
(7)  Sept.  "^ 

Water  Supply. 

Masonry  Dams  and  Retaining  Walls  in  General,  Concrete  Works,  etc.    Chas.  Baillairge. 

(5>  Vol.  XV,  Pt.  1. 
Inomnic  and  Organic  Sources  of  Contamination  of  Water  Supplies.*    E.  Stars.    (1) 

The  New  Edinburgh  Water- Works.*    (1  a)  Oct.  8. 

Feed  Watera  and  Their  Action  on  Boilers.    Clifford  A.  Bowen.    (a6)  Serial  beginning 

Oct.  8. 
The  Failure  of  the  Water- Works  Dam  at  Utica,  N.  Y.*    (13)  Oct.  9. 

*  Illustrated. 


CURRENT  ENGIKBBRIKG   LITERATURE.  339 

Water  Supply-^Coatlnacd. 

The  Action  of  Water  on  Lead  and  Other  Metallic  or  Metal-Lined  Service  Pipes.  (13) 
Oct.  9.  t~       V  0/ 

Proposed  I>\irther  Development  of  Underfrround  Water  Supply  for  Brooklyn.  I.  M.  de 
varona,  M.  Am.  8oc.  C.  E.    (13)  Oct.  9. 

The  Chemical  Treatment  of  Water.*    J.  C.  Wm.  Greth.    (ao)  Oct.  9. 

A  Reservoir  Break  at  Camden,  N.  J.*    (14)  Oct.  11 . 

The  Scope  and  Purpose  of  the  Irrigation  Investigations  of  the  Ofllce  of  Experiment  Sta- 
tions,   (i;^)  Oct.  18. 

The  Weston  Aqueduct  of  the  Metropolitan  Water- Works,  Boston.*  Alfred  D.  Flinn.  ( 14) 
Serial  beglnnmg  Oct.  18. 

Meter  System  of  the  Water  Department  of  Baltimore,  Md.*  Rohert  L.  Clemmitt.  (13) 
Oct.  80. 

The  Water  Supply  of  Rochester,  N.  Y.    John  F.  Skinner.    (6e)  Nov. 

Distributing  System  of  the  Rochester  Water-Works.  W.  N.  Radenhurst.  (60) 
Nov. 

Modem  Vfachinery  at  Shawinigan  Power  Plant.*    (41)  Nov. 

The  Water  Tower  at  Grand  Rapids,  Wis.*    (14)  Nov.  8. 

The  Artesian  Water  Supply  of  Long  Eaton,  England.    (14)  Nov.  8. 

The  Pike 's  Peak  Power  iHant.*    (16)  Nov.  8. 

Formules  Pratiques  Servant  A  Abr6ger  les  Calculs  Relatifs  aux  Condultes  Forc6es 
dans  les  Pro  jets  de  Distributions  o^Eau.*    Gustave  Chenot.    (30)  Oct. 

Usine  Hydro  Electrique  de  Vouvry  (Suisse).*    A.  Dumas.    (33)  Oct.  18. 

Waterways. 

Ice  Formation  in  Canadian  Waters  and  the  Physical  Laws  Governing  Its  Formation. 
H.  T.  Itemes.    («)  Vol.  xv.,  Pt.  1. 

Tide-Qauges  tn  Northern  Climates  and  Isolated  Situations.  William  Bell  Dawson,  Assoc. 
M.  Inst.  C.  E.    (63 )  Vol.  cxlix. 

The  Port  of  Dundee.*  George  Cunningham  Buchanan,  M.  Inst.  C.  E.  (63)  Vol. 
cxlix. 

Sea- Wall  at  Woolston,  Southampton.*  Francis  Webb  WentworthShields,  M.  Inst.  C.  E. 
(63)  Vol.  cxlix. 

Iron  or  Wooden  Lock  Gates;  Costs  of  Construction  and  Maintenance.    (1^)  Oct.  9. 

A  Plan  for  Constructing  Dams  at  Great  Depths  in  Water- Bearing  Material  with  Espe- 
cial Reference  to  the  Bohlo  Dam.*    J.  T.  Tord,  tf.  Inst.  C.  E.    (13)  Nov.  6. 

Le  Canal  Interoc6anique,  Adoption  du  Projet  de  Colon  &  Panama:  Note.  N.  V.  L.  Cos- 
souz.     30)  Oct. 

La  Traction  filectrique  sur  Canaux,  en  Allemagne.*    Marcel  Fabre.    (33)  Oct.  86. 

*  Illustrated. 
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67  A.  C.  Dbnkis,  M.  Am.  Soc.  0.  E. 
To  BE  Pbesented  Decembeb  3d,  1902. 


It  is  well  known  to  railway  operating  men  that  a  run  at  a  hill, 
especially  a  short  one,  is  a  great  help  toward  getting  the  train  oyer  it. 
The  tonnage  rating  for  heavy  freights,  over  probably  every  road  in 
America,  is  greater  than  the  load  that  can  be  started  at  certain  points. 
The  engineering  departments  of  onr  railways  know,  in  a  general  way, 
that  momentum  is  of  some  help,  bnt  few  have  attempted  to  take 
advantage  of  it  when  fixing  grades,  or  have  investigated  to  what 
limits  it  conld  be  used. 

During  the  past  year  more  than  3  000  miles  were  run  by  the  writer 
with  a  dynamometer,  on  heavy  freight  trains  loaded  much  beyond  the 
rating  for  the  ruling  grade,  to  see  what  minor  grades  could  be  run 
with  momentum,  and  where  the  stalling  point  was  on  those  which 
could  not  be  run. 

The  dynamometer  record  was  condensed  and  plotted  on  profile 
paper  above  the  grade  and  alignment ;  speed,  pull,  grade,  and  curva- 
ture being  thus  shown,  so  that  train  resistance  could  be  readily 
taken  from  the  pull  of  the  locomotive  and  compensated  for  change  of 
speed  or  velocity  head,  grade  and  curvature. 

NoTK.— These  papers  are  issued  before  the  date  set  for  prraentation  and  diaciisalon. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may 
be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published 
in  a  subsequent  number  of  Proceedings^  and,  when  finally  closed,  the  papers,  with  dis- 
cuasion  in  full,  will  be  published  in  Transactiona. 
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The  train  resistance,  in  pounds  per  ton,  compensated  for  change  in 
velocity  head,  grade  and  cnrvature,  was  plotted  for  very  many  points 
and  speeds  for  each  train,  and  the  mean  of  these  points  taken,  as 
nearly  as  possible,  for  each  train. 

Fig.  1  shows  what  is  believed  to  be  the  correct  resistance  under  the 
conditions  shown,  and  differs  radically  from  the  results  obtained  by 
Wellington  and  other  authorities  experimenting  with  light  trains,  cars 
and  rails. 

The  experiments  indicate  that  the  resistances  which  increase  with 
speed  balance  very  nearly  the  decreasing  journal  friction  for  trains  of 
box  cars  of  2  000  tons  or  more,  the  tare  of  which  is  one-third  of  the 
gross  weight  on  a  solid  frozen  roadbed.  The  resistance  for  such  a 
train  is  about  4. 7  lbs.  per  ton  for  speeds  from  7  to  35  miles  per  hour. 
Warm  weather  and  a  less  rigid  roadbed  modify  this,  somewhat,  reducing 
the  resistances  at  low  speed  and  increasing  them  at  high  speed,  but  the 
difEerenoe  is  so  slight  that  the  4.7  lbs.  has  been  used  as  a  constant. 
The  resistance  due  to  cold  varies  from  enough  to  skid  the  wheels,  it  is 
said,  to  practically  nothing  after  the  train  has  been  run  fast  for  some 
time. 

The  resistances  after  the  train  has  stood  for  some  time  are  about 
2  lbs.  per  ton  above  the  normal  until  the  train  has  been  run  enough  to 
get  the  journals  well  lubricated  and  warmed. 

The  resistances  seem  to  be  greater  than  normal  when  increasing  the 
speed  and  less  when  decreasing,  after  compensating  fully  for  the 
change  of  velocity  head.  A  train  increasing  its  speed  from  10  to  20 
miles  per  hour,  and  maintaining  it,  would  pull  appreciably  harder 
than  if  just  reduced  to  20  miles  an  hour  from  a  higher  speed.  From 
coasting  tests,  with  the  locomotive  shut  off,  it  appears  that  the 
resistances  per  ton  for  the  locomotive  were  about  the  same  as  for 
empty  cars,  or  about  9.0  lbs.  per  ton. 

As  train  resistances  vary  with  the  loading,  it  was  necessary  to 
adopt  a  common  basis,  or  *<  Bating  Ton,"  as  the  unit  for  comparing 
trains.  The  unit  adopted,  called  the  rating  ton,  is  the  ton  of  loading 
in  a  box  car,  or  the  tare  weight  reduced  to  its  equivalent  in  resistance 
to  a  ton  of  load. 

The  train  resistance  for  a  rating  ton,  for  speeds  from  7  to  35  miles, 
is  practically  constant  at  2.6  lbs.  per  ton.  To  redace  tare  to  rating 
tons  for  0A%  ruling  grade,  for  example,  the  following  method  is 
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used:  The  train  resistance  for  the  rating  ton  is  2.6  lbs.,  and  the 
gravity  8.0  lbs. ;  or,  10.6  lbs.  per  ton,  total  resistance.  A  ton  of  tare 
has  9.0  lbs.  train  and  8.0  lbs.  gravity  resistance,  or  17.0  lbs.  total, 
which  is  160^  of  the  rating  ton.  Similarly,  to  change  tare  into 
rating  tons,  multiply  by  160%,  151^^,  1U%,  139%,  134%,  131%  and 
128%,  respectively,  for  the  rating-ton  equivalent  on  0.4,  0.5,  0.6,  0.7, 
0.8,  0.9  and  1.0%  grades. 

Fig.  2  shows  the  tractive  power  at  the  drivers,  for  a  consolidation 
locomotive,  as  actually  performed.  The  locomotive  was  a  Pittsburg 
Compound.     The  weights  are  as  follows  : 

Pony  truck 16  625  lbs. 

32  875  lbs. 

32  125   ** 

36175   '* 

32  225   '' 

On  drivers  133  400 

Locomotive 150  025 

Tender 109  025 

Grate  area 32.25  sq.  ft. 

Heating  surface  of  tubes 1  717  ** 

**  ««       ««  fire-box 155  *' 

The  working  pressure  is  200  lbs.,  which  is  suflScient  to  slip  the 
drivers  on  good  rail,  up  to  8  miles  per  hour,  or  higher.  The  boiler 
capacity  was  sufficient  to  keep  a  steam  supply  for  all  ordinary  work. 
The  curve  of  tractive  power  was  obtained  by  adding  to  the  dynamo- 
meter pull  at  any  point  the  grade  and  rolling  resistance  of  the 
locomotive  and  tender.  The  points  of  trial  selected  were  those 
where  the  locomotive  should  have  been  working  near  the  maximum, 
and  covered  a  large  range  of  speeds  and  many  repetitions  at  the 
same  speed.  These  results  have  been  plotted,  and  the  curve  shown  is 
what  is  thought  to  be  a  fair  average.  In  general,  this  curve  lies 
about  1  000  lbs.  below  the  irregular  maximum. 

After  the  locomotive  has  been  worked  to  the  maximum  for  about  a 
mile  there  is  a  considerable  drop  in  power,  due  to  failing  steam 
pressure,  so  that  the  velocity  grade  curve  of  the  next  tenth  higher 
grade  (Figs.  3,  4  and  5)  will  give  results  more  nearly  corresponding  to 
the  actual  performance  of  the  locomotive  after  passing  the  first  mile 
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when  working  on  a  grade  in  excess  of  that  for  which  the  locomotive  is 
loaded. 

The  rating  for  this  locomotive,  in  rating  tons  at  7  miles  per  honr  on 
a  O.49o  grade,  is  equal  to  the  tractive  power  at  the  drivers  for  that  speed 

(28  200  lbs. ),  divided  by  the  resistance  per  ton  (8.0  lbs.  gravity  +2.6  lbs. 

28  200 
train)  =  -t/^-^  =  ^  660  gross  tons  for  the  total  train.     The  g^oss  train 

less  the  locomotive  and  tender  (IBO  tons  actual  X  1.60^^  =  208  rating 
tons)  =  2  660  —  208  =  2  452  rating  tons  behind  the  tender.  For  a 
train  loaded  with  two  contents  to  one  tare,  for  every  3  tons  there  are  2 
tons  contents,  which  equals  2  rating  tons,  and  1  ton  of  tare  equala 

1.60  rating  tons;  the  equivalent  load,  then,  for  the  2452  rating  tons  is 

3  « 

X  2  452  =  2  046  actual  tons  behind  the  tender  loaded  two 


2  4-1.60 

2  452 
contents  to  one  tare.     The  rating  for  all  tare  =  ^  _.    =  1 529  tons. 

1.60 

12  750 
The  rating  for  25  miles  per  hour  on  a  0.4?o  grade  =    ^^  ^    =  1  203 

gross  rating  tons;  and  1203  gross,  less  208  locomotive  and  tender,  = 
955  rating  tons  behind  the  tender  =  803  tons  of  train  loaded  with 
two  contents  to  one  tare,  or  597  tons  all  tare. 

The  tractive  power  divided  by  the  gross  **  Bating  Tonnage  "  gives 
the  pounds  per  ton  of  power.  From  this  take  the  train  and  gravity 
resistance,  in  pounds  per  ton,  and  the  remainder  will  be  the  force  for 
acceleration  if  plus,  and  for  retardation  if  minus.  This  remainder,, 
reduced  to  its  grade  equivalent,  at  2  lbs.,  ==  0.1!*q  grade,  and 
divided  into  the  difference  in  velocity  heads  for  two  speeds,  will  give 
the  distance  necessary  for  that  change  of  speed.  The  speeds  for  each 
change  of  one  mile  per  hour  should  be  taken  separately  and  the 
sum  taken,  if  it  is  desired  to  calculate  the  distance  accurately. 

A  table  was  calculated  and  curves  plotted  from  it  showing  the  per> 
formance  of  the  locomotive  on  various  grades  and  at  various  speeds 
on  the  basis  of  the  above-determined  train  resistances  and  engine 
power:  Figs.  3,  4  and  5  for  0.4%,  0.5%  and  0.6%'  grades,  respectively. 

The  distance  ordinate  for  any  particular  grade  rate  shows  the  dis- 
tance necessary  to  run  from  0  or  30  miles  per  hour,  as  the  case 
may  be,  in  order  to  attain  the  corresponding  speed;  and,  inversely, 
the  speed  attained  or  lost  between  two  distant  ordinates.  As  an 
example :  On  the  0.4%  diagram,  suppose  a  start  to  be  made  on  a 
level  grade  5000  ft.  long,  followed  by  4000  ft.  of   0.6%  grade,  fol- 
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lowed  by  3  000  ft.  of  —  0.2^0"^  grade.  The  speed  ordinate  corresponding 
to  5  000  ft.  on  a  level  grade  is  20  miles  per  hour;  20  miles  per  hour  on 
a  0.6%  grade  corresponds  to  a  distance  of  3  600  ft.,  being  the  distance 
required  for  speed  reduction  from  30  to  20  miles  per  hour;  4000  ft. 
more  distance  on  the  0.6^  grade,  or  7  600  ft.,  corresponds  to  9 J  miles 
per  hour,  the  speed  at  the  top  of  the  0.6^,'  grade;  9 J  miles  per  hour 
on  the  —  0.2%'  grade  corresponds  to  a  distance  of  500  ft. ;  3  000  ft.  more 
distance  on  the  —  0.2%  grade,  or  3  500  ft.,  corresponds  to  21 J  miles 
per  hour,  the  speed  at  the  foot  of  this  —  0.2%  grade. 

Some  experiments  were  made  with  a  ten-wheel  locomotiye  of  large 
boiler  power  and  big  drivers,  with  the  hope  that  this  type  would  be 
better  suited  to  operate  momentum  grades  because  of  its  higher  effi- 
ciency at  high  speeds,  but  the  results  were  rather  disappointing,  as 
stops  have  to  be  figured  on  at  each  station.  The  ten- wheel  locomo- 
tive holds  speed  better,  but  attains  it  less  readily,  and,  in  general, 
when  running  for  an  adverse  grade  from  rest,  reaches  the  foot  of  the 
grade  at  less  speed  than  the  (Consolidation,  but  holds  it  better,  stalling 
at  about  the  same  place. 

The  railway  engineer's  almost  universal  disapproval  of  momentum 
•grades  is  probably  caused  by  the  lack  of  an  easily-worked  method  of 
defining  the  limits  for  their  proper  use,  and  the  mistaken  idea  that 
their  introduction  will  cause  stalling  from  bad  weather  conditions  or 
from  the  power  being  in  bad  condition.  These  adverse  conditions 
apply  with  greater  force  to  long  ruling  grades  than  to  the  shorter 
steeper  momentum  grades,  as  adhesion  and  steaming  power  are  taxed 
more,  or  taxed  longer,  on  the  former  grade,  if  the  momentum  grades 
are  not  the  ruling  grades  under  favorable  conditions.  In  momentum 
grades  part  of  the  work  is  done  by  momentum,  which  is  not  affected 
by  weather  conditions. 

"Whether  or  not  the  engineers  who  locate  railways  figure  on  mo- 
mentum, the  operating  officials  take  advantage  of  it  to  pull  what  they 
are  able,  regardless  of  the  rate  of  grade.  One  division  which  the 
writer  studied  had  0.6%  east-bound  and  1.0%  west-bound  grades — ^these 
grades  being  very  fairly  arranged  to  balance  the  heavier  east-bound 
traffic — but  because  of  the  length  of  grade  with  stops,  and  uncom- 
pensated curvature  on  the  0.5%  profile  grade  east-bound,  the  highest 
possible  rating  was  that  for  0.77%,  while,  by  means  of  momentum, 
the  shorter  1.0%  grade  west-bound  could  be  operated  with  exactly  the 
same  rating  as  the  east-bound. 
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Grades  ont  of  a  divisional  point  should  be  reduced  to  a  somewhat 
lower  grade  than  at  other  points,  as  the  first  few  miles  a  train  is  run 
after  standing  for  some  time  show  a  very  much  higher  resistance  than 
the  normal,  especially  in  cold  weather.  The  writer  knows  of  one  case, 
in  extremely  cold  weather  and  high  wind,  but  with  pretty  clean  rails, 
when  it  was  impossible  to  start  a  train  out  of  a  level,  crooked  yard 
with  the  locomotive  unassisted,  but  the  same  locomotive,  an  hour 
afterward,  handled  this  train  on  a  0A%  grade  as  usual. 

For  ordinary  stops,  at  least  O.l^J'  compensation  is  advisable, 
although  a  compound  locomotive  can  generally  start  anywhere  that 
it  can  be  run  through  without  losing  speed,  but  at  greater  risk  of 
broken  draft  rigging  and  loss  of  time,  to  avoid  which  generally 
justifies  a  slacking  of  the  ruling  grade. 

On  favorable  divisions,  the  rating  can  be  raised  50%  for  about  10%^ 
of  the  original  construction  cost  by  the  proper  introduction  of 
momentum  grades,  and,  incidentally,  the  rise  and  fall  and  curvature 
be  improved.  These  improvements  may  often  postpone  indefinitely 
the  necessity  for  double  track,  and  are  in  line  with,  as  well  as  being  a 
preliminary  to,  double-tracking.  Because  of  fewer  stops,  momentum 
grades  generally  tax  locomotive  powers  less  on  double-track  lines. 
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By  Messrs.  WiLiiiAM  M.  Hall,  B.  F.  Thomas,  D.  M.  Akdbews  and 

B.  C.  McCalla. 


WiLLiAH  M.  Hall,  M.  Am.  Soc.  C.  £.  (by  letter) — The  writer  has  Mr.  Hall, 
read   this  paper  with  much  interest,  and,   as  the  literature  on  the 
locating  of  locks  and  dams  is  very  scant,  it  is  hoped  that  the  Society 
will  soon  have  more  papers  on  the  same  subject. 

The  writer  will  not  discuss  the  paper;  but,  as  he  has  assisted  in 
the  location  of  several  looks  and  dams;  and,  as  he  has  been  engaged 
during  the  past  year  on  the  location  of  two  Ohio  Biver  locks  and 
movable  dams,  some  of  the  guides  which  he  is  using  in  the  latter 
work  may  be  of  interest  to  others.     They  are  briefly  as  follows: 

1.  Select  a  location  where  sufficient  width  can  be  had  for  a  lock 
110  ft.  wide,  a  navigation  pass  of  600  ft.,  and  a  weir  of  at  least  250  ft. 

2.  Select  a  location  which,  with  small  expense,  will  admit  of  the 
passage  of  tows  around  the  coffer-dams  of  the  various  parts  during 
construction. 

3.  Select  a  location  where  the  sill  of  the  navigation  pass  can  be 
placed  above  the  bed  of  the  river,  and,  as  low  as  the  controlling  con- 
tour above  and  below,  without  danger  of  the  movable  parts,  when 
dovm,  becoming  buried  in  sand. 

*  Continued  from  October ,  1902,  Proceedings,  See  April,  1908,  Proceedings,  for 
paper  on  this  subject  by  R.  C.  McCalla,  M.  Am.  Soc.  C.  E. 
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Mr.  Hall.  4.  Prefer  a  location  where  the  chaimel  abov^  and  below  will  be 
straight  for  2  000  ft.  or  more;  and  avoid  locations  where  it  will  be 
necessary  to  ''flank"  fleets  of  barges  in  passing  throngh  the  naviga- 
tion pass. 

5.  By  use  of  core-drills  for  testing  the  depth  to  and  qnality  of 
ledge  rock,  and  by  other  careful  investigation,  select  the  location, 
filling  the  above  conditions,  which  has  the  best  natural  foundation 
within  the  limits  of  the  stretch  of  river  on  which  it  is  possible  to  place 
the  lock  and  dam. 

6.  Prefer  a  location  at  the  foot  of  a  shoal  with  a  natural  pool 
below  and  near  by. 

7.  Prefer  a  location  below  and  near  navigable  tributaries;  thereby 
improving  the  tributaries  as  well  as  the  main  stream. 

8.  Seek  locations  with  good,  firm  and  high  banks,  and  with  suit- 
able land  near  by  for  power-house,  store-house  and  the  tenders' 
quarters. 

9.  Prefer  a  location  where  the  lock  can  be  placed  on  the  opposite 
shore  from  drift.  (On  the  upper  Ohio,  the  prevailing  winds  being 
from  the  west,  unless  the  conformation  of  the  river  or  local  tribu- 
taries prevent,  the  wind  usually  carries  the  drift  near  the  easterly 
shore. ) 

10.  If  necessary  to  select  a  location  in  a  bend,  prefer  to  place  the 
lock  next  the  concave  shore,  and  as  near  to  the  head  of  the  bend  as 
other  conditions  will  allow. 

11.  Avoid  cutting  the  harbors  of  important  towns  or  cities  in  twain 
by  a  lock  and  dam. 

The  writer  wishes  to  acknowledge  the  receipt  of  much  information 
on  the  foregoing  subjects  from  the  reading  of  Department  Reports  by 
W.  H.  Bixby,  Major,  U.  S.  A.,  M.  Am.  Soc.  0.  E.,  and  B.  F.  Thomas, 
M.  Am.  Soc.  C.  E.,  and  by  the  discussion  of  these  subjects  with  them 
and  with  W.  E.  Craighill,  Captain,  U.  S.  A. 
Mr.  Thomas.  B.  F.  Thomas,  M.  Am.  Soc.  0.  E.  (by  letter). — All  engineers  engaged 
in  designing  and  constructing  works  of  river  improvement  have  felt 
the  need  of  papers  of  this  character,  giving  in  detail  the  various  parts 
of  the  design  and  methods  of  construction.  Except  in  a  general  way, 
and  in  isolated  pamphlets,  there  is  no  work,  except  De  Lagrene's 
**Oours  de  Navigation  Int^rieure,"  which  treats  of  this  important 
branch  of  engineering,  and  this  treatise,  published  some  thirty  years 
ago,  is  now  out  of  print.  Then  there  are  numerous  Government 
reports  which  contain  valuable  information,  but  a  search  for  it  involves 
an  expenditure  of  much  time  and  labor;  so  much,  in  fact,  that  a  busy 
engineer  cannot  undertake  the  task.  This  paper,  coming  at  a  time 
when  many  engineers  are  engaged  in  the  study  of  projects  for  improv- 
ing rivers  by  canalization,  is  a  valuable  addition  to  literature  of  this 
class;  and,  owing  to  the  care  with  which  it  has  been  prepared,  it  will 
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prove  of  much  benefit  to  snch  engineers,  and  of  interest  to  those  not  Mr.  Thomas, 
thns  engaged. 

It  is  not  the  purpose  of  the  writer  to  review  the  paper  in  detail, 
bnt  rather  to  discuss  the  subject  generally  from  the  standpoint  of  one 
who  has  been  giving  it  pretty  close  attention  for  a  number  of  years. 

Location, — ^The  practice  of  making  trial  borings  for  foundations  is 
a  most  excellent  one,  and  no  work  of  importance  should  ever  be  com- 
menced without  first  making  a  careful  examination  of  the  river-bed 
material.  This  has  been  too  often  neglected,  sometimes  with  disas- 
trous results.  Not  only  is  this  necessary  in  order  to  determine  the 
character  of  the  structure  to  be  built,  but  it  is  also  advisable  from  the 
standpoint  of  economy.  Investigation,  with  proper  appliances,  of  all 
the  possible  sites  is  the  only  method  by  which  the  cheapest  as  well  as 
the  most  suitable  location  can  be  chosen.  The  borings,  where  rock 
exists,  should  extend  into  the  ledge  from  4  to  5  ft.,  in  order  to  be  fairly 
certain  that  a  boulder  or  loose  rock  has  not  been  encountered,  and 
they  should  be  made  at  intervals  of  not  more  than  50  ft.  under  the  im- 
portant parts  of  the  structures.  The  water-jet  method  used  by  the 
author  is  very  satisfactory,  but,  where  the  number  of  holes  is  limited, 
or  where  there  is  an  insufficient  depth  of  water  to  float  a  suitable  plant 
of  this  character,  the  writer  has  found  the  method  of  driving  the  casing 
with  hand  pile-drivers  quite  economical,  and  sufficiently  rapid  for 
ordinary  purposes.  A  light  pile-driver,  which  can  be  carried  any- 
where by  three  or  four  men,  is  set  up  on  the  sand  bars,  or  on  a  light- 
draft  pnshboat,  and  fitted  with  a  banded  wooden  hammer  of  such 
weight  as  can  be  lifted  readily.  This  is  operated  by  four  men  pulling 
on  a  rope  attached  to  it  and  passing  over  a  sheave  in  the  head  of  the 
driver.  Two  of  the  men  stand  on  the  second  floor  of  the  driver  and 
two  on  the  bottom.  As  the  pipe  is  driven  the  material  is  pumped  out 
with  a  sand  pump,  the  driving  being  stopped  during  the  operation. 
When  bed-rock  is  reached,  a  churn  drill  is  dropped  into  the  casing, 
and  the  hole  is  continued  with  it. 

In  seeking  his  locations  in  '* curved  instead  of  straight  reaches'' 
the  author  has  departed  from  the  usual  practice,  bilt,  when  the  curve 
is  of  very  long  radius,  the  idea  is  to  be  commended;  because  in,  such 
locations,  with  the  lock  on  the  convex  shore,  protection  from  drift  is 
afforded,  which  cannot  always  be  counted  on  in  straight  reaches.  It 
is  not  good  practice,  however,  to  place  a  lock  having  a  fixed  dam  in  an 
abrupt  bend,  but  when  the  conditions  require  it  (as  they  sometimes  do, 
because  it  seems  that  the  best  foundations  are  usually  on  the  concave 
sides  of  bends),  the  question  at  once  arises  as  to  whether  to  place  the 
lock  on  the  convex  shore  (the  ''  point  "),  as  the  author  has  done,  or  on 
the  concave  bank  (the  ''sag  or  bend  "),  as  has  been  the  most  general 
custom.  In  a  river  carrying  considerable  drift,  the  **  point  "  side  is 
indicated  because  of  the  protection  it  affords,  but  such  location  renders 
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Mr.  Thoroas.  a  lock  more  difficult  and  dangerous  of  entrance  from  above,  because  of 
the  necessity  of  '*  hugginfi^  the  point "  in  order  to  keep  the  stem  of  the 
boat  from  being  caufl^ht,  by  the  stronger  current  away  from  the  shore, 
and  rounded  to.  Should  the  machinery  become  disabled,  or  high 
winds  prevail  at  such  a  time,  disaster  is  likely  to  follow,  because  of 
the  proximity  to  the  dam;  and  it  is  never  wholly  safe  to  -enter  from 
above  without  running  out  a  shore  line.  Another  argument  against 
such  a  location  is  the  fact  that  the  quiet  water  or  eddy  immediately 
** under  a  point"  causes  deposit,  and  shallow  water  results,  making 
the  entrance  difficult,  and  often  requiring  dredging.  The  danger  to 
craft  can  be  partially  overcome  by  the  prolongation  of  the  land  wall 
up  stream  by  a  retaining  wall  for  a  distance  equal  to  the  length  of 
craft  to  be  locked,  so  that  boats  may  come  alongside  of  it  before  get- 
ting too  close  to  the  dam. 

Where  the  location  is  on  the  concave  bank  there  is  usually  no  diffi- 
culty of  approach  and  entrance  from  above,  but  drift  goes  into  the 
head-bay  incessantly  and  causes  more  or  less  trouble.  Owing  to  the 
current  setting  against  the  bank  below,  some  difficulty  of  exit  will 
often  occur.  There  is  much  less  trouble  from  deposit  in  such  a  loca- 
tion than  in  a  point  location. 

Fixed  or  Movable  Dams. — Where  adjacent  lands  are  subject  to  over- 
flow it  is  always  well  to  guard  against  increasing  the  height  of  the 
flood  level,  and  it  is  unnecessary  to  state  that  the  erection  of  fixed  bar- 
riers across  a  stream  which  raise  its  low- water  level  will  also  raise  its 
high-water  level.  The  author  gives  the  present  depth  of  overflow  of 
the  valley  at  from  6  to  10  ft.  for  several  miles  in  width.  It  is  quite 
probable  that  the  flood  line  will  go  perceptibly  higher  upon  the  com- 
pletion of  the  system  of  fixed  dams. 

In  a  country  not  troubled  with  ice  it  would  seem  that  movable 
dams  could  be  kept  up  at  all  times,  except  when  the  stage  of  water 
was  ample  without  them,  and  thus  give  constant  navigation,  and  if 
proper  care  is  used  in  construction  there  will  be  no  loss  of  water  by 
leakage.  The  writer  has  not  yet  seen  a  fixed  wooden  dam  that  will 
compare  in  tightness  with  the  needle  dam  at  Louisa,  Ky. ,  which  is  in  a 
river  having  a  minimum  discharge  of  less  than  one-third  of  that  of  the 
river  under  discussion.  In  the  six  years  it  has  been  in  qperation  there 
has  never  been  a  time  when  the  pool  could  not  be  kept  at  normal  height. 
This  condition,  doubtless,  will  change  to  some  extent,  however,  when 
others  of  the  system  have  been  completed,  and  lockages  become  more 
frequent.  The  author  states  that  *'  the  cost  of  construction,  operation 
and  maintenance  is  much  greater  with  movable  than  with  fixed  dams." 
A  glance  at  the  reports  of  the  cost  of  the  operation  and  maintenance 
of  the  Kanawha  Dams  will  disprove  this  supposition,  and,  as  to  first 
cost,  it  must  be  remembered  that,  while  the  foundations  of  movable 
dams  are  of  masonry,  those  of  fixed  dams  are  usually  of  crib  work — 
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a  cheaper  and  less  durable  material.  In  fifty  years  the  wooden  dam  Mr.  Thomiw. 
will  have  been  partially  rebuilt  twice,  while  the  masonry  will  still  be 
good.  Given  the  same  grade  of  material  and  workmanship,  the  mov- 
able dam  has  no  disadvantage  on  the  score  of  cost  of  constmotion  or 
in  operation  and  maintenance.  The  argument  that  wood  will  last  for- 
ever under  water  does  not  prove  true  in  stationary  dams,  where  it  not 
only  decays,  but  frequently  actually  wears  out  clear  down  to  the  river 
bed. 

The  fact  that  tows  are  small  will  hardly  justify  breaking  them 
up  to  pass  them  through  the  locks,  because  small  tows  are  moved  at 
much  greater  expense  (per  ton)  than  large  ones,  and  the  delay  will 
add  to  this  expense.  A  model  river,  during  good  stages  of  water, 
should  enable  a  tow  to  proceed  without  interruption  when  once  under 
way;  under  no  other  condition  can  coal  be  moved  at  a  minimum  of 
cost.  As  to  drift  carried  by  floods  increasing  the  cost  of  operation 
and  maintenance,  experience  proves  that  but  little  drift  travels  untU 
after  the  dams  are  lowered.  Occasionally,  however,  dams  near  large 
tributaries  have  been  injured  by  the  appearance  of  drift  before  the 
lowering  could  be  completed,  and  it  is  not  always  wise  to  build  such 
dams  in  preference  to  fixed  dams. 

Probably  the  worst  enemy  to  movable  dams  is  ice.  It  appears  at 
times  when  there  is  not  sufficient  water  for  navigation,  and  yet,  in 
order  to  be  sure  that  the  dams  will  not  be  injured,  they  must  be 
lowered.  This  may  strand  loaded  barges  or  other  craft,  and  entail 
tremendous  loss,  as  well  as  stop  navigation.  A  case  in  point  is  the 
dam  at  Davis  Island  on  the  Ohio,  which  forms  a  harbor  for  Pittsburg. 
Owing  to  the  early  freezing  of  the  Allegheny,  it  is  frequently  neces- 
sary to  lower  this  dam  when  there  is  very  little  water  for  open -river 
navigation,  and  the  loss  and  inconvenience  thus  occasioned  are  wide 
spread,  affecting  many  industries  in  this  busy  community.  This 
seems  to  have  been  a  case  where  a  fixed  dam  would  have  been  pre- 
ferable, even  though  it  made  it  necessary  that  all  navigation  should 
pass  through  the  lock.  Another  solution,  and  possibly  a  more  satis- 
factory one,  would  have  been  the  construction  of  a  bridge  dam  (which 
can  be  operated  in  the  ice)  at  the  site  of  the  next  dam  below,  which  is 
fortunately  in  a  narrow  place  in  the  river  where  there  is  an  island. 
The  cost  of  such  a  dam  probably  would  not  greatly  exceed  that  of  the 
two  which  it  would  replace,  and  there  would  be  only  one  lock  to  pass 
through,  instead  of  two  as  at  present,  a  very  great  advantage  on  that 
river,  where  the  tows  are  large  and  numerous. 

Size  and  Depth  of  Lock.  — One  of  the  experiences  quite  common  on 
improved  streams  is  to  find  that  insufficient  depth  has  been  provided, 
and  that  the  locks  are  too  small.  Usually,  the  depth  is  regulated  by 
the  draft  of  the  largest  craft  when  loaded,  with  a  slight  allowance  for 
clearance,  but  it  seems  that  no  sooner  have  good  depths  been  pro- 
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Mr.  Thomas,  vided  than  better  depths  are  demanded.  Thus,  on  the  Upper  Ohio,  a 
start  was  made  a  few  years  ago  with  6  ft.  on  the  sills,  and  8  ft.  is  now 
asked  for.  Another  example,  still  more  striking,  from  the  fact  that 
the  demands  were  granted,  is  the  improvement  of  the  Seine  below 
Paris.  The  original  slack-water  system  was  established  between  1838 
and  1853,  at  a  cost  of  $2  800  000,  with  a  depth  of  5^  ft.  This  depth 
was  increased,  between  1858  and  1878,  to  6|  ft.,  at  an  additional  cost 
of  92  800  000.  Ten  years  later  the  depth  was  increased  to  10^  ft.,  at  a 
farther  cost  of  $12  200  000.  The  commerce,  which  amounted  to  veiy 
little  under  the  first  arrangement,  owing  to  the  inroads  made  upon  it 
by  the  improvements  in  railroad  trafSc,  has  increased  enormously 
with  the  greater  depths  for  navigation.  Similarly,  may  be  cited,  the 
St.  Mary's  Falls  Canal  improvements,  completed  in  1855,  at  a  cost  of 
91  000  000.  Between  1870  and  1881  the  additional  sum  of  $2  000  000 
was  expended  for  the  purpose  of  accommodating  the  increasing  com- 
merce. In  1896  a  lock,  800  ft.  long  and  100  ft.  wide,  giving  a  depth  of 
21  ft.,  was  completed  at  a  cost  of  93  700  000.  That  further  improve* 
ments  will  be  required  before  many  years,  is  quite  apparent  to  those 
who  are  conversant  with  the  commerce  passing  through  the  canal.  It 
is  evident,  then,  in  studying  the  question  of  depths  to  be  given  on  a 
river  which  is  at  all  worthy  of  improvement,  that  it  is  far  better  to 
provide  a  much  greater  draft  than  indicated  for  present  needs,  in 
order  to  be  reasonably  certain  that  future  commerce  may  be  well 
served.  The  same  idea  should  also  be  applied  in  fixing  the  size  of  a 
lock,  because  the  trend  of  modem  transportation  is  toward  cheap 
rates,  and  these  can  be  had  only  by  using  larger  craft.  It  is  much 
less  expensive  to  build  beyond  present  requirements  in  the  start  than 
it  is  to  remodel  later  on  to  suit  new  conditions.  The  lift  to  be  giyen 
a  dam  is  determined  by  the  rights  of  riparians,  the  proximity  of  water 
mills  in  tributaries,  the  heights  of  bridges  crossing  the  stream,  and 
by  local  conditions,  such  as  suitable  foundations,  etc.  Considering 
navigation  interests  solely,  the  greater  the  lift  the  better,  because  then 
the  number  of  locks  will  be  reduced,  and  boats  will  make  better  time 
and  be  subjected  to  fewer  dangers.  As  a  general  thing,  movable  dams 
are  much  lower  than  they  should  be,  and  in  many  localities  fixed 
dams  are  open  to  the  same  objection,  but,  as  a  rule,  these  have 
about  all  the  height  allowable,  and  in  some  plaoes  their  effects  on  the 
unprotected  banks  below  are  very  injurious.  Unless  the  banks  are 
of  hard  material  they  should  be  well  protected  below  all  fixed  dams 
and  particularly  those  of  high  lift.  For  movable  dams,  this  protec- 
tion can  be  much  less,  and  is  usually  not  necessary  on  the  lock  side, 
owing  to  the  fact  that  the  dams  are  lowered  from  the  abutment  end. 
In  many  instances  the  bank  protection  can  take  place  gradually,  as 
the  original  material  is  eroded. 

Maierials  of  Construction, — A  good  many  of  the  older  locks  were  built 
of  wood;  then  came  stone;  and  now  it  is  concrete,  which  has  not  yet 
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been  in  nse  on  this  class  of  work  long  enongh  for  engineers  to  be  cer-  Mr.  Thomas, 
tain  of  its  dnrubilitj.     No  reason  is  apparent,  however,  why  it  should 
not  be  all  that  is  desired,  and  it  certainly  simplifies  construction  very 
greatly,  particularly  in  localities  where  good  building  stone  is  inac- 
cessible.    At  first  there  was  a  disposition  to  use  natural  cements,  but, 
as  the  Portlands  became  cheaper  and  better  understood,  they  displaced 
the  former,  until  now  nearly  all  these  structures  are  being  built  of 
American  Portland  cement.     The  prices  have  gone  down,  as  the  num- 
ber of  manufactories  increased,  until,  within  the  past  year,  it  has  been 
possible  to  procure  a  first-class  Portland  cement  in  the  Ohio  Valley 
for  less  than  81.50  per  barrel.     The  better  grades  of  natural  cement 
have  proved  quite  satisfactory  under  water,  but  there  are  so  many  poor 
grades  manufactured  and  sold  that  they  have  prejudiced  the  use  of 
natural  cement  altogether.     At  first  there  was  a  disposition  to  criticise 
the  appearance  of   concrete  work,  but,  after  several  years*  use,  it  is 
believed  that  this  objection  will  not  be  apparent,  as  all  walls  become 
more  or  less  marred  by  the  rubbing  of  boats  and  barges.     It  is  thought, 
also,  that  Portland  cement  will  be  too  hard  to  show  many  scratches, 
and  that,  after  ten  years'  service,  the  appearance  of  a  lock  face  built 
of  it  will  be  superior  to  that  of  stone  heretofore  used.     There  is  no 
doubt  of  its  being  a  cheaper  material  in  almost  all  localities  where 
locks  are  to  be  built,  and  it  eliminates  entirely  *'  stone  cutters'  strikes  " 
and  the  use  of  skilled  labor.     Of  late  years  this  is  a  very  considerable 
pecuniary  advantage,  because  of  the  eight-hour  law,  which  requires 
the  United  States  to  pay  the  same  for  eight  hours'  work  as  is  paid  for 
a  full  day's  work  by  others  in  the  locality.     The  rapidity  with  which, 
a  concrete  wall  can  be  put  up  is  one  of  its  chief  advantages,  as  on 
many  rivers  the  working  season  is  very  short,  owing  to  high  water; 
and  it  is  impracticable  to  do  very  satisfactory  stone  work  at  night,  as 
each  stone  must  be  brought  from  a  pile  at  some  distance  and  swung 
into  place  and  1  ined  up.     With  concrete  the  work  can  proceed  without 
stopping,  and  one  mixer  will  put  out  from  400  to  500  bbls.  of  cement 
in  24  hours,  barring  breakdowns  and  other  delays.     A  single  shift, 
working  in  daylight  only,  is  placing  an  average  of  200  cu.  yds.  of  con- 
crete daily,  to  the  writer's  knowledge.     The  proportions  used  are  1 
part  of  cement,  3  of  sand,  and  6  of  broken  sandstone.     At  another 
lock  the  proportions  are  1  bbl.  of  cement,  15  cu.  ft.  of  sand,  and  33^ 
cu.  ft.  of  broken  limestone,  varying  in  diameter  from  |  in.  to  2|  ins. 
This  appears  to  be  a  little  ''lean,"  but  the  product  seems  to  be  hard 
and  strong.     Common  river  sand  is  used,  about  70^  of  which  will 
pass  a  No.  30  sieve,  50^  a  No.  50,  and  2%  a  No.  100.     Sandstone  is 
somewhat  soft,  crushing  slightly  during  the  process  of  ramming,  but 
limestone  is  very  satisfactory.     Experience  proves  that  pieces  which 
will  barely  pass  through  a  2i-in.  ring  are  too  large,  and  that  better 
results  can  be  obtained  by  reducing  this  to  1^  ins.  and  taking  all  the 
smaller  particles  down  to  |  in. — ^virtually,   *'run  of  crusher"  stone. 
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Mr.  Thomas.  The  larger  stones  seem  to  bunch  together  and  cause  yoids,  and  will 
not  pack  like  the  smaller  ones. 

The  author  has  adopted  the  block  method  of  building;  that  is, 
each  daj*s  work  forms  a  separate  monolith.  The  method  in  most  gen- 
eral use,  probably,  is  that  of  the  continuous  monolith,  in  which  the 
concrete  is  built  from  bottom  to  top  without  stopping.  The  block 
method  is  used  on  the  Kentucky  and  Big  Sandy  Bivers,  and  is  grad- 
ually growing  in  favor,  although  a  stronger  and  more  presentable  wall 
can  doubtless  be  made  by  the  other  method.  In  the  continuous-mono- 
lith construction  *the  form  timbers  are  put  up  the  entire  height  to 
begin  with,  and  it  is  necessary  to  lift  the  concrete  to  the  top  and  then 
lower  it  to  position.  This  is  frequently  quite  troublesome,  the  buck- 
ets knocking  the  forms  out  of  line  and  threatening  the  safety  of  the 
men  cooped  up  underneath.  When  the  concrete  is  built  in  blocks  it 
is  only  necessary  to  carry  up  the  forms  as  the  work  progresses,  and 
night  work  is  not  required  at  all.  The  design  of  forms  varies  in  dif- 
ferent localities,  the  most  usual  type  being  that  with  posts  erected, 
inside  of  which  lagging  is  placed  as  the  work  proceeds.  The  posts 
are  braced  at  intervals,  as  may  be  necessary.  Another  style  is  that  in 
which  the  lagging  is  tied  together  with  rods,  and  held  apart  by 
braces,  the  rods  being  generally  left  in  the  completed  work.  There  is 
some  difficulty  in  holding  forms  of  this  class  exactly  in  line,  and  their  use 
is  not  general,  although  it  effects  quite  a  saving  in  cost.  Dressed  lum- 
ber should  always  be  used  for  lagging,  on  all  faces  to  be  exposed  after 
the  completion;  and  a  lining  of  sheet  iron  would  prevent  the  grainmg 
of  the  wood  from  showing  and  would  otherwise  improve  the  appear- 
ance of  the  face  of  the  wall.  However,  after  a  few  years'  use  all 
chamber  faces  on  rivers  having  a  good  commerce  show  more  or  less 
injury,  and  it  is  not  essential  that  a  beautiful  wall  be  had  at  the  start. 
The  forms  can  be  removed  in  from  three  to  five  days  and  used  again. 
Upon  their  removal  it  is  a  good  idea  to  go  over  the  face  of  the  wall  and 
rub  down  rough  places  with  a  block  of  wood  or  soft  stone.  This  will 
improve  the  appearance  of  the  work  greatly,  and  can  be  done  very 
readily  if  attented  to  immediately  after  the  lagging  comes  off. 

QateSt  Valves,  etc, — The  gates  seem  to  be  very  well  designed.  Steel 
is  now  replacing  wood  for  such  structures,  and  will  eventually  do  so 
entirely,  unless  experience  proves  its  inadaptability  for  such  work. 
It  sometimes  happens  that  boats  strike  the  gates  with  consider- 
able violence.  In  a  wooden  gate  this  does  not  result  in  permanent 
injury  or  in  injury  which  cannot  be  repaired  then  and  there.  With  a 
metal  gate,  the  case  is  different.  If  it  is  struck  with  sufficient  force 
to  bend  it,  it  may  not  spring  back  to  place,  in  which  case  it  will  not 
miter,  and  becomes  useless.  To  repair  the  damage  it  may  be  necessary 
to  remove  the  gate  and  transport  it  to  a  shop— quite  an  undertaking. 
There  are  two  general  types  of  metal  miter-gates  now  in  use  and  under 
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constrnction  on  the  rivers  of  this  country:  In  one  class  the  beams  are  Mr.  Thomas. 
placed  horizontally,  and  transmit  the  strains  to  the  walls  and  the 
opposite  leaf  throngh  heel  and  toe  posts;  in  the  other  class  the  sup- 
porting beams  are  placed  vertically,  connecting  with  horizontal  gird- 
ers at  bottom  and  top.  This  class  of  gate  has  less  metal  than  the 
other  when  the  length  is  considerably  greater  than  the  height,  but  a 
heavy  strain  is  transmitted  through  the  top  girder  to  the  wall  w  ell 
toward  its  top.  In  the  writer's  opinion  it  is  not  to  be  preferred  to  the 
horizontal  framed  gate.  A  more  serious  objection  to  it  is  that  when 
rust  has  weakened  the  uprights  at  the  water  line,  as  it  probably  will, 
the  entire  gate  must  be  renewed.  With  horizontal  framed  gates  it 
would  only  be  necessary  to  renew  the  lower  portion.  The  use  of  a 
buckle-plate  skin  will  permit  of  a  wider  spacing  of  girders  and  effect 
a  material  saving  of  metal,  because  these  plates  are  much  stronger 
than  flat  plates  of  equal  weight,  and  will  require  no  stiffeners,  even 
in  very  wide  panels. 

Originally,  metal  gates  had  a  double  skin  in  order  to  secure  buoy- 
ancy and  consequent  reduction  of  weight,  but  it  was  found  that  the 
compartments  leaked  and  were  not  kept  pumped  out,  so  that  the  addi- 
tional plating  was  simply  so  much  weight  to  be  carried  without  any 
beneficial  result.  It  has  also  been  found  that  the  upper  compartments 
fill  with  mud  and  induce  rust.  Without  doubt  the  single-skin  gate  is 
to  be  preferred  in  every  way.  One  objection  to  all  metal  gates  is  that 
they  are  likely  to  rust  at  the  water  line  and  below,  when  they  cannot 
be  kept  clean  and  painted,  and  the  writer  has  considered  the  advisa- 
bility of  building  the  upper  portion  of  metal  and  the  lower  of  wood. 
The  latter  could  be  renewed  at  any  time  without  disturbing  the  former, 
and  with  very  little  delay  to  navigation.  Wooden  gates  are  short 
lived.  The  writer  knows  of  few  gates  which  have  lasted  more  than 
sixteen  years;  many  are  partially  renewed  within  ten  years,  and  a  few 
in  less.  There  is  only  one  lock  provided  with  iron  gates  on  the  tribu- 
taries of  the  Upper  Ohio,  but  these  seem  to  be  perfectly  good  after 
twenty -one  years'  service.  In  his  work  on  mitering  lock  gates.  Major 
Hodges  gives  the  average  life  of  a  metal  gate  at  forty  years,  when 
properly  cared  for  and  repaired. 

The  method  of  operating  the  gates  adopted  by  the  author  seems  to 
be  undesirable,  although  experience  may  prove  otherwise.  Mechanism 
somewhat  similar,  but,  doubtless,  imperfect  in  construction,  was  tried 
a  number  of  years  ago  on  a  lock  on  the  Kentucky  Biver,  and,  later, was 
supplanted  by  something  else.  The  writer  was  told  that  it  was  not 
satisfactory,  but  has  no  information  on  the  subject.  The  most  com- 
mon method  of  gate  operation  is  by  a  rack-bar  and  pinion  turned  by 
capstan  bars,  but  it  is  not  wholly  satisfactory,  partially  because  of  the 
friction  of  the  rack  and  pinion  and  partially  because  the  bar,  in  order  to 
reduce  its  length,  is  attached  to  the  gate  too  far  from  the  toe.  The  prim- 


786  DISCU88I0K   OK  IMPROVEMENT  OP  RIVBB8.  [Papen. 

Mr.  Thomas,  itive  wooden  spar  and  modem  wire  rope  winding  on  a  capstan,  as  seen 
on  the  Kanawha  and  elsewhere,  is  the  simplest  and  most  satiflfactorj 
device  the  writer  has  yet  observed  for  hand  operation.  The  spar  and 
line  are  attached  at  the  toe,  the  length  of  spar  not  being  objectionable 
when  it  is  an  ordinary  pole,  and  the  best  point  from  which  to  operate 
is  thns  secured.  It  is  worthy  of  note  that  the  new  locks  on  the  Moldan, 
in  Bohemia,  are  provided  with  rack -bars  operating  nnder  the  coping, 
where  they  are  ont  of  the  way  during  maneuvers.  The  same  system 
has  an  example  on  the  Fox  Kiver  in  this  country. 

The  cost  of  wooden  gates,  for  locks  from  50  to  55  ft.  wide,  with  about 
12-ft.  lift,  ranges  from  $1  500  to  $2  500  per  leaf,  usually  being  about 
$2  000.  Steel  gates  will  not  usually  cost  any  more,  if  designed  with  a 
view  to  economy.  In  adopting  the  balanced  valve  the  author  fol- 
lowed the  practice  which  has  the  advantage  of  long  and  fairly  satis- 
factory trial,  and,  with  the  modifications  and  arrangements  which  he 
has  provided,  most  excellent  results  should  follow.  This  valve  is 
sometimes  used  with  a  vertical  and  sometimes  with  a  horizontal 
axle,  and  seems  to  work  equally  well  in  either  way.  Other  forms  of 
valves  in  use  are  the  gridiron  sliding  valve,  in  which  the  valve  is 
pierced  with  rectangular  openings,  and  the  cylindrical  valve,  which 
consists  of  a  cylinder,  from  4  to  6  ft.  in  diameter  and  18  to  20  ins.  high, 
sliding  vertically  inside  a  chamber  having  a  water-tight  cover.  This 
cylinder  or  ring  encircles  the  culvert  opening,  and,  when  down,  shuts 
off  the  water.  When  raised,  which  is  an  easy  operation,  as  the  water  is 
pressing  equally  from  all  sides,  the  water  goes  into  the  culvert  under 
the  cylinder.  This  valve  is  in  satisfactory  use  on  the  Muskingum 
Biver,  and  is  being  adopted  for  new  locks  on  the  Big  Sandy  and  Ken* 
tucky.  The  writer  has  been  considering  the  advisability  of  dispensing 
with  the  chamber  over  the  cylinder,  dropping  its  cover  down  to  the 
top  of  the  cylinder,  and  sliding  the  latter  up  on  guides  on  the  outside. 
This  cylindrical  valve  has  been  rendered  self- operating  by  the  intro- 
duction of  water  through  its  cover,  and  a  patent  has  been  issued  to 
Major  W.  L.  Marshall,  and  another  to  Mr.  Sanford  L.  Cluett,  for 
devices  of  this  character.  Some  of  the  latter  have  been  made  for  trial 
on  the  Big  Sandy,  but  are  not  yet  in  use. 

General  Remarks. — In  preparing  plans  for  work  of  the  character  of 
that  under  discussion  it  should  always  be  remembered  that  repairs 
will  be  costly,  tedious  and  detrimental  to  navigation,  because  the  water 
will  be  troublesome,  and  it  will  be  necessary  to  close  the  locks  for  a 
time.  It  is  of  the  first  importance,  then,  not  only  to  make  the  various 
parts  as  simple  as  possible,  but  also  to  make  them  stronger  than 
necessary.  Especial  attention  should  be  given  to  designing  all  valves 
or  other  movable  parts  so  that  they  can  be  readily  removed  for  exam- 
ination or  repair.  It  is  only  necessary  to  go  over  one  of  the  older 
improvements  to  be  convinced  of  the  necessity  for  such  cautions.  The 
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exposed  ends  of  anchor  bolts  will  rnst  eventnally,  so  that  renewal  Mr.  Thomas, 
will  be  necessary,  and  it  will  be  well  to  provide  sleeve  nnts  in  the 
original  construction  so  as  not  to  necessitate  digging  the  old  bolts  out 
of  the  masonry. 

Of  late  years,  considerable  taste  has  been  displayed  in  the  design 
of  lock  buildings  and  in  the  care  of  the  grounds.  I^ese  places  should 
"he  veritable  parks,  with  grass,  shade,  flowers,  and  neat  walks  and 
fences;  in  fact,  they  should  be  object  lessons  to  their  several  commu- 
nities. A  very  little  money  will  go  a  long  way  when  all  the  labor  is 
Teady  at  hand  and  under  pay  the  year  round.  The  works  themselves 
should  be  kept  in  the  best  of  repair,  and  lock  gates,  irons,  machinery, 
1>oats,  and  such  property  as  can  be  improved  thereby,  should  be 
thoroughly  overhauled  and  painted  every  year.     It  is  a  lesson,  to  those  * 

engaged  upon  the  works,  which  is  very  cheap  at  the  price,  as  it  causes 
each  man  to  be  more  careful,  to  take  more  pride  in  his  work  and  in 
himself,  and  thus  he  becomes  a  valuable  citizen  as  well  as  a  valuable 
employee. 

D.  M.  Andrews,  M.  Am.  Soc.  C.  E.   (by  letter). — This  paper  is  a  Mr.  Andrews. 
Taluable  contribution  on  a  subject  of  which  there  is  far  too  little  infor- 
mation available.     There  is  little  to  criticize  in  the  paper;  the  writer, 
however,  wishes  to  discuss  certain  of  the  points  from  the  viewpoint 
of  his  own  experience. 

The  Black  Warrior  and  Warrior  are  one  and  the  same  river;  the 
name  Black  Warrior  changing  to  Warrior  at  Tuscaloosa,  as  explained 
by  the  author.  The  Black  Warrior  has  stable  banks  and  bottom. 
The  Warrior  has  caving  banks  and  a  shifting  bottom. 

The  adoption  of  the  fixed  type  of  dam  for  the  Black  Warrior  was 
unquestionably  the  best;  and,  for  the  reasons  given  by  Mr.  McCalla, 
particularly  the  small  low- water  discharge,  the  fixed  type  was  the  only 
type  that  could  have  been  safely  adopted  for  the  Warrior.  With  the 
fixed  type,  however,  the  pools  between  the  dams  will  in  time  fill  up, 
and  constant  dredging  will  be  required  to  maintain  a  channel  of  the 
proposed  width  and  depth  between  the  locks.  With  dams  of  the 
movable  type  this  filling  of  the  pools  could  be  prevented  by  lowering 
the  dams  during  periods  of  high  water,  and  letting  the  river  clear 
itself  of  accumulations  of  silt  and  gravel. 

The  writer  believes  that  the  advantages  or  disadvantages  of  loca- 
tions at  convex  or  concave  shores  arc,  except  in  abnormal  sitaations, 
more  apparent  than  real;  however,  other  things  being  equal,  a  straight 
reach  is  probably  the  best  location.  The  writer's  experience  leads 
him  to  the  following  conclusions: 

There  should  be  guide  piers,  both  above  and  below  every  lock, 
placed  an  angle  of  about  10^  with  the  axis  of  the  lock.  Where  there 
is  much  disturbance  below  the  dam  during  periods  of  high  water,  the 
lower  pier  should  extend  from  the  lower  end  of  the  river  wall.      Solid 
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Mr.  Andrews,  piers  not  less  than  150  ft.  in  length,  and  longer  where  the  volame  of 
traffic  is  considerable,  with  drift  passages  at  the  lock  wall,  are  prefer- 
able to  pile  clusters. 

Back  bars  for  maneuvering  lock  gates  are  objectionable  in  rivers 
carrying  much  drift,  for  they  have  to  be  removed  when  the  lock  is 
about  to  be  submerged,  and  replaced  when  it  emerges.  The  maneu- 
vering apparatus  described  by  the  author  is  not  open  to  this  objection, 
and,  as  the  writer  knows  from  experience,  is  in  other  respects  a  most 
admirable  arrangement. 

The  design  of  the  dams  at  Locks  Nos.  1,  2  and  3,  Black  Warrior 
Biver,  is  bad,  on  account  of  the  stepped  lower  slope.  Drift  passing 
over  the  dams  would  cause  the  displacement  of  the  slope  stones,  and 
entail  constant  expense  for  repairs.  A  better  arrangement  is  that  in 
which  the  stones  are  set  with  the  beds  normal  to  the  slope,  as  at  Lock 
No.  4  of  the  same  river.  Dams  of  this  type,  viz,,  crib-filled  dams 
with  a  lower  slope  of  stone  should  have  the  lower  slope  laid  without 
cement  beds  or  joints,  thereby  allowing  the  free  passage  of  leakage. 
The  face,  whether  of  maHonry  or  sheet-piles,  should  be  made  water- 
tight, or  as  nearly  so  as  possible;  but  in  rivers  of  considerable  low- 
water  discharge,  it  is  not  the  part  of  economy  to  go  to  any  great 
expense  to  secure  a  water-tight  face.  As  usually  designed,  it  is  only 
necessary  to  maintain  the  surface  of  the  pool  at  the  crest  of  such  dams. 
The  low- water  discharge  not  needed  for  that  purpose  may  pass  the 
dam  as  leakage.  This  last  statement  does  not  apply,  of  course,  to 
dams  intended  to  develop  power. 

The  writer  has  recently  repaired  and  raised  to  a  height  of  15  ft.  (the 
height  being  originally  12  ft.),  a  crib-filled  dam,  700  ft.  long,  built  on 
a  foundation  of  gravel,  mud  and  rotten  limestone.  The  repairs  and 
addition  to  the  height  were  made  by  building  a  heavy  stone  slope  from 
below  and  over  the  crib,  or  what  was  left  of  it.  The  stones  in  the 
slope  contained  from  1  to  3  cu.  yds.  each,  and  were  laid  dry  with  the 
beds  normal  and  the  faces  flush  with  the  slope.  The  face  of  the  dam 
was  of  double-lap,  4  x  12-in.  and  2  x  12-in.  sheet-piling.  The  sheet- 
piling  extended  5  ft.  above  the  crest,  as  a  protection  bulkhead  to  the 
workmen  below.  After  the  slope  below  was  finished,  the  piling  was 
cut  flush  with  the  crest.  The  operation  was  repeated  until  the  dam 
was  finished.  Quarry  waste  wns  filled  in  against  the  sheet-piling  from 
above.  No  attempt  was  made  to  get  a  water-tight  face,  the  low-water 
flow  being  sufficient  to  maintain  the  upper  pool  at  the  crest,  with  the 
leakage  allowed.  An  apron  at  the  toe,  to  prevent  scour,  was  built  of 
large  stones  roughly  placed,  and  the  interstices  were  filled  with 
smaller  stones.  The  work  was  done  by  hired  labor,  and  cost,  every 
expense  included,  82.51  -f  per  cubic  yard. 

As  to  the  expediency  of  the  improvement  of  our  rivers,  opinion  \» 
as  diverse  as  it  once  was  concerning  the  proper  gauge  for  our  railroads, 
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and  it  seems  that  the  argnments  for  and  against  are  likely  to  be  as  Mr.  Andrews, 
yigoronsly  presented  as  were  those  fonght  over  in  the  days  of  the 
** Battle  of  the  Ganges." 

The  writer  can  do  no  more  than  generalize,  not  having  statistics  at 
hand,  bnt  he  ventures  the  assertion  that,  should  the  Erie  and  Welland 
Canals  be  abandoned,  freight  rates  from  the  West  to  New  York  would 
go  soaring,  and  New  Orleans  would  become  the  chief  shipping  point 
for  the  export  trade  of  the  country.  He  is  aware  that  pages  upon 
pages  of  statistics  have  been  printed  showing  that  the  railroads  enter- 
ing New  York  from  the  West  can  and  do  carry  freight  as  cheaply  as 
the  same  is  transported  through  the  canals;  but  those  statistics  being 
presentations  of  facts  make  no  prediction  of  the  probable  effect  of  an 
abandonment  of  the  water  lines  of  transportation  from  the  Great  Lakes 
to  the  Eastern  Coast. 

The  writer  recently  had  some  machinery  shipped  to  a  point  on  the 
Lower  Mississippi  River,  a  part  coming  from  Bridgeport,  Conn. ,  and 
a  part  from  Birmingham,  Ala.  The  freight  rate  from  Bridgeport  was 
practically  the  same  as  that  from  Birmingham,  because  Bridgeport, 
though  the  length  of  haul  was  against  her,  had  the  advantage  of  con- 
tinuous water  transportation. 

Statistics  of  this  kind  interest  the  people  at  large,  and,  as  long  as 
conditions  remain  as  they  are,  there  will  be  a  demand  for  the  improve- 
ment of  our  rivers,  though  argument  be  piled  upon  argument  show- 
ing that  raOroads  can  be  built,  operated  and  maintained,  at  far  less 
cost  than  the  cost  of  improving,  and  maintaining  the  improvement  of, 
our  rivers. 

R.  C.  McCai^la,  M.  Am.  Soc.  C.  E.  (by  letter).— The  writer  feels  Mr.  McCalia 
gratified  that  his  paper  has  brought  out  an  able  and  interesting  dis- 
cussion of  a  subject  on  which  the  literature  is  rather  scanty,  consider- 
ing the  number  of  important  works  of  this  character  in  the  United 
States  and  other  countries.  He  hopes  to  profit  by  many  of  the  ideas 
and  arguments  advanced. 

Location, — The  Warrior  is  a  narrow,  crooked  stream.  There  are 
very  few  straight  reaches  and  few  or  no  places  wide  enough  to  take  in 
the  lock  and  abutment  and  a  dam  long  enough  to  provide  sufficient 
spillway  for  the  proper  discharge  of  fiood  waters.  The  width  of  the 
stream  at  low  water  varies  from  100  to  300  ft.  and  averages  about  "200 
ft.,  therefore  the  locks  and  abutments  must  be  set  well  back  into  the 
banks.  If  straight  reaches  were  available  for  locations,  curved  ap- 
proaches leading  back  into  the  stream  would  be  required  at  both  ends 
of  the  lock.  If  locations  were  made  in  bends  and  on  the  concave 
shore,  still  sharper  or  longer  curves  would  be  required  in  the  ap- 
proaches to  get  back  into  the  stream. 

Wherever  a  lock  is  located,  it  forms  a  barrier  to  the  current,  and 
thereby  causes  silt  deposits  in  the  lock  and  approaches;  also,  during 
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Mr.  KoCalla.  rises  there  mnst  be  a  strong  o£f-8hore  current  above  the  look  toward 
the  ''  snck'*  of  the  dam.  The  deposit  and  off-shore  current  are  both 
somewhat  worse  on  a  convex  than  a  concave  shore.  With  locks  in  the 
bends  and  on  the  convex  shore,  straight  approaches  parallel  to  the 
axis  of  the  lock  are  secured,  and  they  re-enter  the  stream  within  a 
short  distance. 

During  about  eight  months  each  year  the  pools  are  like  ponds, 
without  current;  and,  certainly,  during  that  period,  straight  ap- 
proaches would  be  better  for  navigation.  At  times  during  the  other 
four  months,  wherever  the  locks  are  located,  it  will  be  dangerous  to 
enter  from  above  without  putting  a  line  ashore,  and  snubbing  posts 
will  be  placed  along  the  banks  for  this  purpose. 

Vast  quantities  of  drift  are  borne  by  floods.  At  times  the  writer 
has  seen  the  drift  so  thick  that  it  looked  almost  as  though  one  could 
walk  across  the  river  on  it.  This  drift  is  constantly  becoming  water- 
logged and  dropping  to  the  bottom  in  eddy  water.  Concave  shore 
locations  would  place  the  locks  right  in  the  path  of  this  drift,  and 
would  cause  much  of  it  to  accumulate  in  the  locks  during  floods.  It 
will  probably  be  easier  to  pump  out  silt  than  to  remove  a  combination 
of  silt  and  drift. 

All  things  considered,  the  writer  believes  that,  for  this  system  of 
rivers  at  least,  a  convex  shore  in  a  bend  of  long  radius  gives  the  best 
location  for  a  lock. 

Dams,  Lift,  Guard,  Etc. — The  question  of  fixed  or  movable  dams 
admits  of  many  arguments  on  both  sides.  Movable  dams  are  at  best 
rather  frail  structures.  Tows  on  the  Warrior  will  always  be  small,  and 
will  require  from  one  to  two  lockages,  only,  to  pass  a  lock.  Movable 
dams  would  have  to  be  kept  up  about  nine  months  per  annum,  and 
would  have  to  be  raised  occasionally  during  the  other  three  months. 
Therefore,  to  navigation,  the  saving  of  time  from  the  use  of  movable 
instead  of  fixed  dams  would  be  small.  Probably  no  form  of  movable 
dam  except  the  needle-dam  is  sufficiently  tight  to  hold  the  low* water 
flow  of  the  Warrior;  and  a  serious  objection  to  the  needle-dam  is  that 
the  needles  must  be  taken  out  of  the  river  and  stored  when  the  dam  is 
lowered,  and  brought  back  when  the  dam  is  to  be  raised. 

The  Warrior  and  Tombigbee  are  both  quite  flat,  and  all  the  indica- 
tions are  that  fixed  dams  of  10  ft.  lift  and  proper  length  will  drown 
quickly  during  floods  and  exert  little  or  no  influence  on  maximum  flood 
heights.  The  dam  at  Warrior  Lock  No.  6  was  completed  during  Sep- 
tember, 1902,  and  a  small  rise  occurred  during  the  following  month. 
Daily  gauge  readings  at  7  a.  m.  during  the  rise  are  shown  in  Table  Ko. 
15,  the  zero  of  both  gauges  being  the  lower  miter-sill.  Elevation  = 
74.5,  and  the  crest  of  the  dam  being  16.5  ft.  above  zero,  or  Elevation 
=  91.0: 
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TABLE  No.  15. 


Mr.MoCallA. 


Date. 

Above  the  dam. 

Below  the  dam. 

Oct.  11 

• 

18.51 
80.86 
80.00 
19.70 
18.86 
18.89 
17.99 
17.70 
17.60 
17.60 

9.00 

"    18 

16.00 

"    18 

17.80 

"    14 

14.80 

"    15 

11.80 

"    16 

9.80 

"    17 

7.90 

"    18 

7.06 

»*    19 

6.80 

"    80 

6.87 

Dam  No.  5,  seventeen  miles  below,  the  crest  elevation  of  which  is  81.0, 
was  nearly  completed  at  the  time.  Part  of  the  rise  went  over  this  dam 
and  part  throngh  the  chamber  of  Lock  No.  5,  where  the  gates  had  not 
been  erected.  It  will  be  noticed  that  the  lower  pool  gained  quite 
rapidly  on  the  upper  pool  at  Lock  No.  6,  and,  had  the  rise  continued, 
the  two  pools  would  probably  have  reached  approximately  the  same 
level  several  feet  below  the  top  of  the  lock  walls.  Of  course,  on  a 
more  rapid  rise,  the  lower  pool  would  not  have  gained  so  rapidly  on  the 
upper  pool,  but  it  is  thought  that  the  maximum  difference  in  pool 
levels  when  the  lock  walls  become  submerged  will  be  about  one  foot, 
and  that  this  will  occur  very  rarely. 

In  the  Warrior  Biver  the  principal  objections  to  concrete  dams  on 
pile  foundations  are  the  cost  and  the  danger  of  "blow  outs  "  under- 
neath. It  is  believed  that  the  stone  filling  in  the  crib  dams,  resting 
directly  on  the  river  bed,  will  settle  and  choke  a  leak  before  it  can 
become  large,  and  that  thus  the  danger  of  **  blow  outs  *'  is  reduced  to 
a  minimum. 

The  object  of  caulking  the  sloping  sheathing  is  to  prevent  streams  of 
water  from  trickling  through  the  stone  filling,  carrying  the  sand  and 
gravel  out  of  the  interstices,  and  thus  reducing  the  weight  of  the 
filling.  Weep  holes  are  provided  in  and  near  the  down-stream  face  to 
relieve  the  sheathing  of  dangerous  up-thrust.  So  far,  there  is  ap- 
parently very  little  leakage  through  or  under  Dams  Nos.  5  and  6,  which 
are  the  only  ones  of  this  type  completed  on  these  rivers. 

Scour  is  expected  below  the  dams  during  fioods,  and  it  is  to  be 
guarded  against  by  heavily  rip-rapping  the  bed  of  the  stream  below 
the  apron  and  along  the  back  of  the  river  wall  and  the  face  of  the  abut- 
ment. 

Sheet-Piling. — Sheet-piling  6  ins.  thick  was  found  to  l>e  rather  light 
for  hard  driving,  and  on  future  work  9-in.  piling  is  to  be  used  almost 
entirely.  Each  pile  should  be  built  of  three  pieces  extending  the  full 
length  of  the  pile,  and  the  center  pieces  should  be  dressed  to  uniform 
thickness  to  reduce  leakage.     The  best  width  of  tongue  for  piles  built 
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Mr.  McCalla.  of  3  X  12-in.  planks  seems  to  be  about  3}  ins.,  and  great  care  should 
be  taken  not  to  injure  the  piles  by  hard  driving,  the  combination  of 
jet  and  short  blows  of  a  heavy  hammer  giving  the  best  results.  The 
heads  of  all  piles  should  be  protected  by  a  Casgrain  pile  cap  during 
driving. 

Pumping  Out. — Thus  far,  there  has  been  no  difficulty  in  pumping 
out  the  lock  chambers  with  the  coffer  timbers  in  place,  an  8-in.  centri- 
fugal pump  being  ample  to  control  the  leakage  under  ordinary  condi- 
tions. 

Sill  Anchorage. — The  miter-sills  are  held  down  by  IJ-in.  bolts,  4| 
ft.  long,  and  spaced  3  ft.  apart.  Each  bolt  has  an  8-in.  cast  washer  on 
the  bottom  and  a  4-in.  wrought  washer  and  nut  on  the  top.  The  sills 
can  hardly  come  up  unless  the  walls  come  with  them. 

Maneuvering  Gears. — The  gate-maneuvering  gears  have  been  in 
constant  use  seven  years  on  the  Tuscaloosa  locks,  and  have  proved  very 
satisfactory.  A  small  boy  can  operate  the  gates  with  ease  under 
ordinary  conditions.  The  gears  are  simple,  durable  and  efficient.  They 
lie  flat  and  close  to  the  walls,  and  nothing  has  to  be  removed  during 
floods  except  the  lever,  which  is  unshipped  and  laid  down  by  the  gears. 
The  writer  believes  that  this  method  is  the  most  satisfactory  now  in 
use  for  the  hand  maneuvering  of  lock  gates,  and  wishes  to  give  full 
credit  for  the  design  to  the  late  Horace  Harding,  M.  Am.  Soc.  C.  E., 
who  was  in  local  charge  of  these  improvements  for  many  years. 

Stability  of  Walls. — The  river  wall  is  6  ft.  wide  on  top,  12.15  ft. 
wide  at  the  base,  and  29.5  ft.  high,  but  rests  on  a  concrete  footing 
course,  14.25  ft.  wide  and  1.5  ft,  thick,  with  a  tight  mortar  joint  be- 
tween the  base  of  the  wall  and  the  top  of  the  footing  course.  Up-thrust 
in  this  mortar  joint  is  not  considered  possible,  and,  therefore,  the  wall 
proper  has  a  factor  of  safety,  against  overturning  on  the  footing  course, 
of  about  6,  with  17  ft.  head  outside  and  the  lock  chamber  pumped  out. 

Up-thrust  undoubtedly  exists  under  the  footing  course,  but  the 
head  must  be  reduced  considerably  while  the  water  is  percolating 
through  or  under  the  sheet-piling  and  through  the  sand  and  gravel 
underneath  the  wall  on  its  way  to  the  floor  valves.  Assuming  an  up- 
thrust  due  to  half  the  maximum  head  distributed  uniformly  under  the 
footing  course,  the  factor  of  safety  against  overturning  would  be  about 
2.5,  with  17  ft.  head  outside  and  the  lock  chamber  pumped  out. 

With  the  water  level  in  Warrior  Lock  No.  6,  at  Elevation  99,  the 
water  level  in  the  lower  pool  should  be  about  at  Elevation  96  to  97, 
instead  of  93.8,  as  assumed  by  Mr.  Nelles.  The  gauge  readings  given 
in  Table  No.  15  illustrate  the  rapid  gain  of  the  lower  on  the  upper 
pool  level  during  rises. 

The  bank  walls  are  believed  to  be  perfectly  safe  under  the  worst 
possible  conditions.  With  the  lock  chambers  pumped  out,  fresh  fill- 
ing was  placed  behind  the  bank  walls  level  with  the  top,  and  was 
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thoTonghly  saturated  with  water  to  assist  settlement,  the  water  stand-  Mr.  McCalla. 
ing  in  pools  for  days  at  or  near  the  coping  level.  No  evidence  of  settle- 
ment or  movement  of  the  walls  can  be  detected.  The  bank  walls  are 
6  ft.  wide  on  top,  stepping  at  the  back  to  16  ft.  wide  at  the  base,  with 
steps  2  ft.  wide  and  5  ft.  high.  The  footing  course  is  18  ft.  wide  and 
1.5  ft.  thick,  projecting  1  ft.  on  the  front  and  back.  Both  walls  are 
31  ft.  high,  including  the  footing  course. 

ijhuide  Walls,  Masonry  Floor 8,  Etc. — Long  guide  walls  above  and 
below  the  lock  bank  wall,  masonry  lock  floors,  masonry  dams  (if  they 
can  be  secured  against  '*  blow  outs  '*),  and  other  features  of  this  char- 
acter suggested  by  those  discussing  the  paper,  are  excellent  things, 
but  they  cost  a  great  deal  of  money.  If  all  these  suggestions  were 
adopted  for  these  improvements,  the  first  cost  would  be  perhaps 
$10  000  000  instead  of  $5  000  000,  and  the  time  required  for  com. 
pletion  perhaps  would  be  doubled  also,  because  the  biennial  appro- 
priations for  a  particular  improvement  are  necessarily  linuted  by  the 
needs  of  the  whole  country  and  the  funds  available.  At  the  present 
rate,  eight  to  ten  years  will  be  required  to  complete  the  work,  while 
the  tfaffic  is  nearly  all  prospective,  and,  possibly,  may  never  develop. 

Under  these  conditions  it  is  deemed  to  be  to  the  best  interests  of 
the  United  States  to  complete  the  work  as  rapidly  as  practicable,  and 
at  the  minimum  cost.  Betterments  can  be  made  as  the  traffic  justifies 
them  and  as  the  old  works  wear  out.  Permanent  guide  walls  of  proper 
height  and  length  would  be  very  costly  and  would  not  be  justified  for 
a  small  and  unimportant  traffic.  It  would  be  better  to  let  the  boats 
put  a  line  ashore  occasionally.  Temporary  guide  walls  of  timber 
cribs,  or  piles  and  timber,  if  built  now,  would  rot  down  before  the 
lock  system  is  completed,  and,  therefore,  before  there  can  be  much 
traffic.  If  temporary  works  of  this  character  are  to  be  used  they 
should  be  built  at  about  the  time  of  completion  of  the  permanent  works. 
Besides,  after  the  locks  have  been  in  use  a  while,  the  character  of  the 
guide  wails,  graard  protection,  etc.,  best  suited  to  the  needs  of  traffic 
and  to  local  conditions  can  be  determined  better  than  now,  for  expe- 
rience is  an  excellent  teacher. 

If  the  timber  crib  dams  prove  safe  and  satisfactory,  but  finally  rot 
or  wear  oat,  they  can  be  replaced  with  concrete  dams  on  the  old 
foundations,  which  should  be  thoroughly  settled  by  that  time.  If  the 
timber  floors  fail  or  wear  out  rapidly  they  will  have  to  be  replaced 
with  more  permanent  construction. 

If  our  pioneer  railroad  builders  had  adopted  the  policy  of  using 
nothing  but  the  best  and  most  permanent  construction,  nine-tenths  of 
the  United  States  would  still  be  a  wilderness.  On  the  contrary,  they 
built  cheap  lines  into  undeveloped  territory,  and  improved  their  prop- 
erty as  the  territory  developed  and  was  justified  by  the  traffic.  The 
results  have  proved  their  wisdom  abundantly. 
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Mr.  McCalla.  Commercial  Importance,  Depth,  Etc. — The  depth  of  the  channel,  or 
rather  the  6-ft.  draft  of  vessels,  was  fixed  by  Congress,  and  the  engi- 
neers connected  with  the  work  are  in  no  way  responsible  for  it.  It  is 
certainly  ample,  however,  for  ordinary  flat-bottom  river  steamboats, 
and  for  ordinary  coal  barges  of  600  tons'  burden. 

Unlimited  arguments  can  be  made  for  or  against  the  commercial 
importance  of  these  improvements.  That  is  a  matter  to  be  considered 
more  especially  by  Congress  than  by  the  engineers  on  the  work,  except 
in  so  far  as  they  are  called  upon  by  Congress  for  information.  In  the 
opinion  of  the  writer  the  commercial  value  of  the  work  will  have  to  be 
determined  finally  by  experience.  If  it  regulates  railroad  freight  rates 
in  the  region  tributary  to  the  improved  rivers,  and  develops  a  large 
export  coal  traffic  from  Mobile,  the  public  will  be  amply  repaid  for 
every  dollar  expended. 
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BuDOiiFH  Hebino,  M.  Am.  Soc.  C.  E. — The  speaker  believes  this  Mr.  Herlng. 
paper  to  be  a  useful  contribution  to  knoT^ledge,  but  regrets  that  the 
author  has  presented  a  new  formula  which  he  says  fits  his  experiments 
very  well,  because  the  more  formulas  of  this  kind  we  get,  the  greater 
the  confusion  becomes  in  their  application.  If  the  application  were 
always  limited  to  exactly  the  conditions  which  the  author  had  before 
him,  the  formula  would  be  good,  without  question.  But,  when  getting 
into  textbooks,  and  when  applied  in  general  practice,  they  are  often 
disconnected  from  the  original  data  from  which  the  formulas  are  deyel- 
oped,  and  unless  we  are  within  the  original  range  of  experiments  their 
use  becomes  dangerous. 

The  speaker  was  once  yery  forcibly  struck  with  the  importance  of 
this  fact  by  a  formula  suggested  for  pile-driving  by  one  of  our  most 
prominent  engineers,  and  found  in  at  least  one  textbook.  When  apply- 
ing it,  it  gave  negative  results  in  connection  with  the  case  in  hand, 
which  was  quite  an  ordinary  one;  that  is,  the  harder  the  pile  was 
pounded,  the  less  its  firmness — according  to  the  formula.  When  any 
one  produces  a  new  formula,  the  fact  that  it  applies  only  to  his  own 
experiments  or  investigations  should  be  emphasized,  and  the  limits 
should  be  given  as  a  part  of  the  formula,  just  as  limits  are  given  when 
the  integral  calculus  is  used. 

*  Continued  from  October,  1902,  Proceedings.  See  August,  1V02,  Proceedings^  for 
paper  on  this  subject  by  Theron  A.  Noble,  M.  Am.  Soc.  C.  E. 
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Mr.  WflilamB.  Gasdneb  S.  Williams,  M.  Am.  Soc.  G.  £. — To  jndge  from  the  lim- 
ited nnmber  of  discussions  presented,  it  seems  that  the  merits  of  the 
paper  under  consideration  have  been  but  lightly  appreciated. 

Anyone  who  studies  the  literature  upon  the  flow  of  water  in  pipes 
will  be  impressed  first  of  all  by  the  wide  gaps  existing  between 
the  sizes  used  in  the  several  experiments,  the  data  of  which  are  avail- 
able, and  then  by  the  number  of  experiments  that  must  be  rejected 
from  a  classification  intended  to  include  only  the  thoroughly 
reliable. 

On  wooden  stave  pipe,  naturally,  from  its  comparatively  recent 
introduction,  only  a  very  limited  number  of  experiments  has  been 
thus  far  conducted,  and  of  these,  the  most  extensive  series  appears  to 
have  been  influenced  by  conditions  beyond  the  control  or  conception 
of  the  observers,  to  such  an  extent  as  to  render  the  results  obtained,  if 
not  erratic,  at  least  so  variable  and  unconformable  to  any  apparent 
law  that  their  critical  study  leaves  one  in  very  great  doubt  as  to  their 
general  applicability.  It  is  doubtful  if  anyone,  outside  of  the  experi- 
menters themselves,  has  spent  more  study  than  the  speaker  upon 
those  experiments,  and  certainly  no  one  has  striven  more  faithfuUy 
to  glean  from  them  some  measure  of  information  generally  applica- 
ble to  the  flow  of  water  in  pipes,  but  thus  far  the  Ogden  Experiments* 
have  stood  at  the  extreme  end  of  a  series,  far  removed  from  all  others, 
and  presenting  results  widely  different  from  everything  approaching 
them;  and  the  only  way  to  explain  them  has  been  to  say  that 
somewhere  between  the  conditions  of  ordinary-sized  pipe  and  those 
of  a  6-ft.  conduit  the  laws  of  flow  are  subject  to  a  marked  change. 

The  experiments  described  in  Mr.  Noble's  paper  bring  the  data 
much  nearer  to  the  Ogden  size,  and  it  is  important  to  notice  that  there 
is  in  them  no  indication  of  an  approach  to  the  Ogden  eccentricities, 
but  they  conform  to  the  indications  of  other  standard  experiments  and 
show  that  the  carrying  capacity  of  wooden  stave  pipe  is  considerably 
higher  than  the  Ogden  results  would  lead  one  to  expect. 

But,  aside  from  this,  one  of  the  most  interesting  features  of  the 
investigation  is  the  light  it  throws  upon  the  inapplicability  of  the 
long-honored  law  that  loss  of  head  varies  as  the  square  of  the  velocity. 
Ever  since  the  days  of  Du  Buat,  Eytelwein  and  Prony,  many  investi- 
gators have,  from  time  to  time,  pointed  out  that  this  law  was  not  strictly 
applicable  to  the  flow  of  water  in  pipes.  In  1808,  Dr.  Thomas  Young 
suggested,  in  an  address  to  the  Boyal  Society,!  that  this  exponent  was 
more  nearly  1.8,  although  he  inclined  decidedly  to  the  view  that  there 
were  two  functions  of  the  velocity  involved,  one  varying  as  the  square 
and  one  as  the  flrst  power.     Later,  in  1855,^  Thomas  Hawksley  made 

•  Transactions,  Am.  Soc.  C.  E.,  Vol.  xl,  p.  471,  andzliv,  p.  84. 

t  Philosophical  Transactions,  1808. 

X  Minutes  of  Proceedings,  Instltutloii  of  CItU  Engineers,  1855. 
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an  extended  exposition  of  the  same  view,  and  in  1873  Dr.  Lampe*  ^r.  Williams, 
presented  his  experiments  on  the  Danzig  pipe  line,  with  his  well- 
known  formnla,  V  =  203.3  r**-®*  s^'^.  Daring  the  last  ten  years  nnmerous 
investigators  have  suggested  yarions  exponents  other  than  2  for  V, 
and  some  time  ago  the  speaker  himself  presented,  to  the  Detroit  En- 
gineering Society,  a  discnssion  of  the  past  experiments  on  small  pipes 
bearing  npon  this  question,  f  Starting  with  the  formnla  Hy=mV^, 
which  is  abont  the  simplest  expression  for  the  flow  of  water,  m  and  n 
being  constants  for  any  given  pipe  line,  he  attempted  to  discover  what 
effect,  if  any,  there  was  npon  the  exponent  n  due  to  changes  of 
diameter,  alignment  and  character  of  interior  surface.  From  an  inves- 
tigation of  more  than  eighty  different  series  of  experiments  by  thirteen 
different  observers,  certain  conclusions  were  drawn  regarding  the 
variation  of  n  which  seemed  clearly  established  by  these  data,  and  the 
principal  ones  were: 

That  n  increases  as  the  diameter  increases,  from  about  1  in  capillary 
tubes  to  about  2  in  large  pipes,  being  from  1.80  to  2  in  those  ordinarily 
used  by  the  engineer. 

That  n  increases  as  roughness  increases. 

That  n  decreases  as  curvature  increases. 

That  n  is  different  for  different  materials,  being  lowest  for  tin  and 
brass. 

This  investigation  having  shown  the  desirability  of  a  series  of  ex- 
periments upon  pipes  of  the  same  material  and  different  diameters 
under  similar  conditions,  such  a  series  was  begun  at  the  Hydraulic 
Laboratory  of  Cornell  University  by  A.  V.  Saph,  Assoc.  Am.  Soc. 
G.  E.,  and  E.  W.  Schoder,  Jun.  Am.  Soc.  C.  £.,  and,  to  date,  obser- 
vations have  been  made  upon  pipes  of  seamless  brass  tubing,  ranging 
from  iV  in.  to  2iV  ins.  diameter.  As  stated  in  the  discussions  by 
those  gentlemen,  these  experiments  show  n  to  be  practically  constant 
for  all  of  the  series  and  approximately  1.75. 

The  experiments  of  the  author,  when  discussed  logarithmically 
by  the  formula  Hf=m  F",  also  give  for  the  value  of  n  about  1. 75,  a 
result  which,  taken  with  that  of  the  Cornell  Experiments,  seems  to 
establish  this  value  pretty  clearly  as  the  correct  one  for  smooth  pipe, 
and  proves  in  error  the  speaker's  conclusions,  previously  mentioned, 
that  n  changes  with  the  diameter,  as  it  shows  that  as  long  as  the  pipe 
remains  smooth  n  does  not  change.  When,  therefore,  starting  with  a 
diameter  of  -iV  ii^-  and  going  to  a  diameter  of  54  ins.,  including  the 
Adams  experiments  on  14-in.  stave  pipe,  the  exponent  is  found  to  re- 
main constant  at  about  1.75,  what  is  to  be  said  for  an  exponent  of  196, 
when  a  72-in.  pipe  is  reached? 

•  Der  dvUingehieur^  Vol.  xlx,  1878. 

fJoumaiy  Association  of  EDglneering  Societies,  March,  1901,  p.  169. 
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Mr.  Williams.  Some  two  years  ago  a  series  of  experimeDts  was  made  at  Detroit* 
upon  a  very  perfect  line  of  12-in.  pipe.  There  was  a  tangent  of  about 
3  200  ft.  that  was  as  straight  and  true  to  grade  as  pipe  can  be  laid, 
and,  when  this  formula  was  applied  to  the  experiments  upon  it,  the 
exponent  of  n  was  found  to  be  1.78.  The  cast-iron  pipe  experimented 
upon  by  Darcy  gave  n  =  1.93  to  1.97,  and  it  will  be  recalled  that,  in 
the  experiments  upon  the  Bosemary  Syphonf,  Desmond  FitzGrerald,  M. 
Am.  Soc.  C.  E.,  found  n  to  be  1.91  for  the  cleaned  48-in.  pipe,  and  2.03 
while  the  pipe  was  roughened  by  tubercles. 

It  is  evident  that  in  measuring  lengths  in  diameters  there  are 
more  joints,  and,  hence,  greater  roughness,  in  large  than  in  small  cast- 
iron  pipe,  and  from  the  fact  that  the  ordinary  experiments  upon  it 
give  n  a  value  of  about  1.90,  the  effect  of  careful  laying  is  shown  in 
the  Detroit  pipe,  and  the  cause  of  the  speaker's  misconception  of  the 
true  law  is  at  once  apparent,  for,  in  drawing  the  conclusions  above 
stated,  the  most  complete  series  used  was  of  cast-iron  pipe,  and  in 
this,  for  the  above  reason,  the  exponent  does  increase  with  the 
diameter,  though,  as  it  now  appears,  not  by  reason  of  the  diameter, 
but  by  reason  of  the  joints  and  consequent  roughening  of  the  walls. 

The  experiments  of  the  author  show  a  high  degree  of  consistency 
when  examined  carefully,  and  indicate  very  good  experimental  work. 
If  there  were  an  error  in  the  rating  of  the  meter  the  error  is  carried 
consistently  through  each  series,  and  if  there  were  errors  of  levels  or 
observations  they  were  consistent  errors,  for  there  are  no  erratic  results 
to  be  accounted  for,  and  it  seems  unlikely  that  the  relations  indicated 
between  H  and  F,  so  far  at  least  as  ii  is  concerned,  are  misleading  by 
more  than  a  very  small  percentage.  It  is  unfortunate,  however,  that 
the  author  himself  did  not  apply  the  formula  /i^=  m  F'*  to  his  results, 
for,  had  he  done  so,  he  would  not  have  presented  the  complicated  ex- 
pressions on  pages  503  and  5044  ^^  ^^^  table  on  page  505:]:  in  which  the 
value  of  his  own  experiments  is  to  a  considerable  extent  masked  by  an 
attempt  to  make  them  conform  to  the  less  reliable  results  obtained  at 
Ogden.  The  presence  of  the  intercept  or  subtractive  term  in  these 
formulas  indicates  that  the  exponent  of  Fis  not  2,  as  has  been  shown 
by  the  speaker  in  the  discussion  already  referred  to. 2 

The  speaker  would  call  attention  to  Table  No.  3,  and  offer  a  word 
of  caution  as  to  the  applicability  of  the  results  therein  presented. 
While  these  data  undoubtedly  give  a  correct  representation  of  the 
losses  of  head  observed  from  one  side  to  another  of  the  specials  in 
question,  those  results  come  far  short  of  indicating  correctly  the  resist- 
ances actually  caused  by  them.  The.  actual  losses  may  be  either 
greater  or  less  than  shown  by  the  figures  given,  for  the  reason  that  the 

•  Transactions^  Am.  Soc.  C.  E.,  Vol.  xlvii,  p.  159. 

t  Transactions^  Am.  Soc.  C.  E.,  Vol.  zzzv,  p.  268. 

X  Proceedings^  Am.  Soc  C.  E.,  August,  1902. 

%  Journal,  Aasociation  of  Engineering  Societies,  March,  1901,  p.  170. 
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distarbances  of  flow  thus  generated  extend  with  corresponding  Mr.  wiiUamB. 
losses  of  head  for  many  diameters  beyond  the  special  causing  them; 
and  piezometrio  indications  within  the  region  of  disturbance  are  not 
comparable  with  those  taken  before  disturbance  has  begun.  The  only 
method  thus  far  known  to  the  speaker  of  determining  correctly  suck 
resistances  is  by  comparing  the  losses  in  sections  of  straight  pipe 
without  such  specials  with  those  of  other  sections  containing  them* 
The  speaker  and  his  associates  in  the  Detroit  Experiments  were  led  to 
the  same  attempt  at  the  determination  of  these  losses  as  the  author 
has  made,  but  they  found  the  results  thus  obtained  anomalous,  and 
the  experiments  described  by  Messrs.  Saph  and  Schoder*  threw  such 
additional  light  upon  the  matter  that  in  their  final  discussion  of  the 
Detroit  Experiments  the  authors  went  to  considerable  pains  to  re- com- 
pute the  Tarious  losses  of  head,  according  to  the  plan  proposed  aboye, 
the  results  being  presented  in  tabular  form,t  and  showing  quite  de- 
cided  differences  from  those  obtained  by  direct  observation. 

Thebon  a.  Noblb,  M.  Am.  Soc.  C.  E.  (by  letter). — In  the  experi-  Bir.  Nobla 
ments  on  ''The  Flow  of  Water  in  Wood  Pipes  "  the  main  effort  was 
expended  in  eliminating  sources  of  error  and  in  making  the  experi- 
ments as  complete  as  the  time  and  facilities  ayailable  would  permit. 
That  sufficient  study  was  not  given  to  the  results  was  due  to  lack  of 
time.  It  is  rather  a  serious  loss  of  time  to  a  practicing  engineer  to 
undertake  such  an  extended  series  of  experiments. 

The  writer  believes,  with  Mr.  Hering,  that  an  excess  of  formulaSy. 
like  an  excess  of  advice,  is  apt  to  lead  to  wrong  conclusions.  It  is- 
very  bad  practice,  however,  to  cling  to  old  methods  when  they  have- 
been  found  to  be  cumbersome  and  inaccurate.  If  the  innumerable 
experiments  are  to  teach  us  nothing  of  the  laws  of  motion  of  water  in* 
pipes,  we  are  losing  their  main  value.  By  a  careful  study  of  these 
experiments  the  writer  believes  that  a  reliable  formula  is  to  be  had 
for  each  particular  kind  of  pipe,  within  certain  ranges  of  velocity  and 
diameter. 

In  the  case  of  wood  pipes,  the  number  of  experiments  available  is 
not  all  that  could  be  desired  to  determine  the  relation  between 
velocity,  friction  head  and  diameter,  but  a  formula  can  be  determined 
which  will  fit  three  out  of  four  of  the  experiments,  and  determine  the 
values  of  V,  H^  or  D,  well  within  the  limits  of  ordinary  ])ractice. 
This  formula  applies  to  wood  pipes  from  14  to  72  ins.  in  diameter,  and 
friction  heads  from  0.2  ft.  to  2  ft.  per  1  000  ft.  This  is  certainly  a 
step  in  advance. 

A  similar  study  of  the  experiments  on  cast-iron  and  other  pipes, 
the  writer  believes,  would  give  similar  results,  with  a  somewhat  dif- 
ferent relation  between  D  and  the  constant  coefficient  e'. 

*  Transactions^  Am.  Soc.  C.  E.,  Vol.  xlvll,  p.  817. 
t  Transactions^  Am.  Soc.  C.  E.,  Vol.  xlvli,  p.  860. 
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Mr.  Noble.  Kntter's  formtda,  which  was  particularly  designed  for  the  flow  in 
open  channels,  is  wholly  inadequate  for  use  in  calculating  the  flow  in 
circular  pipes,  for  the  following  reasons : 

The  coefficients,  c  or  n,  are  found  to  change  very  radically  with 
both  the  diameter  and  velocity,  thus  making  it  necessary  to  coDsnlt 
tabulated  values  of  these  constants  for  different  diameters  and  veloc- 
ities in  order  to  get  results  at  all  satisfactory.  It  involves  a  wholly 
unnecessary  determination  of  the  mean  hydraulic  radius,  R,  since  B 
.is  the  diameter  times  a  constant  multiplier,  which  could  just  as  well 
appear  in  the  coefficient. 

In  a  paper*  by  George  H.  Fenkell,  Jun.  Am.  Soc.  C.  E.,  he  shows 
by  diagrams  the  results  of  all  the  more  reliable  experiments  conducted 
on  various  kinds  of  pipes,  showing  any  considerable  range  of  velocities. 
All  these  observations,  in  each  experiment,  he  has  plotted  on  cross- 
section  paper,  showing  the  relation  between  velocity  head  and  fric- 
tion head.  In  all  these  diagrams  this  relation  conforms  very  closely 
to  a  straight  line  for  the  observations  on  any  single  size  or  kind  of 
pipe.  The  deviation  of  any  one  of  these  observations  is  probably 
within  the  limit  of  error  due  to  taking  observations  or  making  calcu- 
lations. The  same  is  true  of  the  two  experiments  conducted  by  the 
writer.  This  relation  between  H^  and  ^  gives  a  reliable  basis  for. 
determining  the  relation  between  D,  in  the  formula,  and  the  value  of 
the  constant. 

Starting  with  Mr.  Fenkell's  general  formula  for  the  relation  between 

H^  =  aH^±h (7) 

In  which      Hf  =  Friction  head,  in  feet  per  1 000  ft. ; 

H„  =  Velocity  head  =  -= — ; 

a  =  A  constant,  which  remains  constant  for  different 
velocities,  but  is  different  for  different  values  of 
the  diameter,  D  / 

6  =  A  constant  of  small  value,  which  Mr.  Fenkell 
attributes  to  some  error,  but  which  is  more  prob- 
ably due  to  the  causes  mentioned  by  Professor 
Merriman. 
Substituting  the  value  of  V, 

The  value  of  ^ — ~ ,  as  shown  in  Formulas  1,  2,  3  and  4,  is  as 
follows : 


*  Joumdly  Associatioii  of  EnKiiieeriiig  SodetieB,  March,  1908. 
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I  2g~  Kr.  Now*. 


Bin  or  pipe.  In  feet. 
1.171 


1.9463 
3.6896 
4.4405 


For  wood  pipe  of  any  given  size,  ^  -    -  is  constant,  and,  theiefore, 

is  independeDt  of  tbe  Tftlne  of  ^ ,  or  V,  but  inoreases  by  some  unknown 
relation  with  I>. 
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Logarllbm  of  the  Diameter.  In  Feet. 
Fio.18. 

It  wiU  be  seen  (page  506*)  that  the  asanmption  that  J-^  varies 

as  V  STifl  not  correct,  as  the  resoltiug  values  of  eare  not  constant 
for  difierent  sizes  of  pipes. 

Is  there  any  other  power  of  D  which,  mnltiplied  by  a  constant, 

will  give  the  correct  values  of  -I — —  for  the  different  sizes  of  wood 

•  Prvcttdingt,  Am.  Soc.  C.  E.,  for  August,  I90B. 
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Mr.  Noble.  I  2  n 

pipes  experimented  upon  ?    If  so,  the  values  of     I — —  and  D,  plotted 

on  logarithmic  paper,  would  appear  in  one  straight  line.     In  the  dia- 
gram. Fig.  13,  these  quantities  have  been  thus  plotted. 

As  will  be  seen,  in  three  out  of  four  of  these  experiments,  the 

plotted  values  of     I  —    and  >/ 2)  conform  to  a  straight  line  very  closely. 

Drawing  the  line  through  the  points  for  the  14-in.  pipe,  and  the  center 
of  gravity  for  the  other  three  sizes,  the  value  of  the  exponent  of  D 

becomes  £~,  and  Formula  (8)  becomes 

F=e'2>'^W^^T <^) 

To  determine  the  value  of  e*\ 


P^=e'i)*^«  Vfl;.±6  =  ^J^^  sfBj:^h 


9 


e^=  N    «    (10) 

The  values  of  e,  as  used  in  Formula  (5),  and  t'  in  Formula  (9),  for 
pipes  of  different  sizes,  are: 

Diameter  of  pipe,  .  J  Deyfationof 

in  feet.  *  *  c*  from  1.76 

1.171  1.799  1.777  +1  per  cent. 

3.708  1.916  1.742  —1       " 

4,5156  2.089  1.873  +  6.4    ** 

6.042  2.003  1.758  —0.01" 

With  the  exception  of  the  54-in.  pipe,  the  value  of  «'  does  not  vary 
more  than  would  be  expected,  from  errors  in  taking  observations,  etc. 
Better  results  could  not  be  obtained  without  more  perfect  similarity 
of  conditions  and  more  accurate  methods  of  measurement,  and  these 
are  quite  close  enough  for  general  engineering  practice. 

The  writer  feels  satisfied  that  there  is  some  error  either  in  the 
measurements  or  the  conditions  in  the  54-in.  pipe  experiments,  and, 
some  time  in  the  future,  hopes  to  conduct  a  series  of  observations  on 
that  portion  of  the  pipe  which  is  comparatively  free  from  distortions, 
and  by  methods  which  will  give  more  accurate  measurements  of 
piezometer  heights. 

In  Fig.  14  the  curves  for  Formula  (9),  with  e'  =  1.76,  are  drawn 
lor  the  four  sizes  of  pipe  experimented  upon.  The  greatest  variation 
from  this  curve  is  in  the  54-in.  pipe.     In  the  case  of  the  other  three 
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the  observations  are  close  enough  for  ordinary  engineering  practice,  Mr.  Noble, 
thns  proving  that  the  formula  could  be  used  (within  the  limits  here- 
inafter mentioned),  and  be  within  a  probable  error  of  not  more  than 
2  per  cent. 


1.50  2.00  2.50  3.00  8.50  4.00  4.50 

Average  Velocity  of  Diacharge^  in  feet  per  second. 

Fig.  14. 

In  Mr.  Schodcr's  discussion,  in  plotting  the  velocity  and  friction 
head  on  logarithmic  paper,  the  observations  at  the  higher  velocities 
are  bunched  together  in  such  a  manner  that  it  is  not  possible  to  deter- 
mine the  slope  of  the  line  with  much  accuracy.  In  the  writer's 
opinion,  Mr.  Fenkell's  diagrams  prove,  beyond  question,  that  H/ 
varies  as  the  square  of  the  velocity. 

This  would  seem  to  be  a  natural  conclusion,  from  the  laws  of 
gravity.  Whatever  other  influence  there  is  on  the  friction  head  would 
be  due  to  the  diameter  or  the  nature  of  the  surface  of  contact.  The 
effect  of  friction  in  the  pipe  is  to  reduce  its  effective  diameter,  which 
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Mr.  Noble,  is  aoooxuited  for  in  the  yalne  of  the  exponent  ^wr      ^^®  difference 

between  Mr.  Schoder's  conclusion,  as  to  the  exponent  of  ^^(1.73), 
and  the  writer's  is  perhaps  due  to  the  fact  that  the  writer  has 
accounted  for  this  variation  in  the  diameter  rather  than  in  the  velocit j. 

In  answer  to  Mr.  Saph's  contention  that  the  height  of  Piezometer 
A  is  probably  influenced  bj  the  curves  just  preceding:  Any  influ- 
ence of  this  nature  would  be  felt  in  the  well  and  at  Piezometer  A 
equally.  There  are  no  means  of  detecting  any  influence  of  this 
nature  without  taking  observations  on  straight  and  curved  portions  of 
the  pipe  simultaneously.  It  is  possible  that  this  influence  may 
account  for  the  lack  of  conformity  of  the  54-in.  pipe  experiments  with 
the  others,  though  the  writer  does  not  believe  that  such  an  efiect 
exists,  as  the  effect  of  curves  should  be  to  increase  rather  than  decrease 
the  friction  head;  and  it  seems  hardly  possible  that  long  easy  curyes 
could  increase  the  velocity  6  per  cent. 

As  will  be  seen  in  Fig.  14,  the  single  observation  of  the  flow  in 
18-in.  pipe  shows  a  very  serious  difference  from  the  results  obtained 
for  other  pipes,  showing  again  higher  velocities. 

As  the  result  of  careful  study  of  these  experiments,  the  writer 
feels  justified  in  drawing  the  following  conclusions  : 

1. — That  within  the  range  of  these  experiments,  from  14-in.  to  72-in. 
pipes,  and  between  friction  heads  of  0.2  ft.  and  2  ft.  per  1 000  ft., 
the  friction  head,  H^  varies  as  the  square  of  the  velocity. 

2. — That  the  velocity  varies  as  some  odd  exponent  of  the  diameter. 

In  three  out  of  four  experiments  this  exponent  is  very  nearly 
1 

1.75' 

3.— That  it  would  require  a  series  of  experiments  on  pipes  of 
different  diameters  and  velocities  covering  a  wide  range,  made 
under  identical  conditions,  to  determine  this  exponent 
accurately. 

4.  — After  this  exponent  has  been  determined,  the  flow  in  perfeotlj 
straight  and  smooth  pipes  follows  "  definite  law.  That  the 
general  expression  for  this  law,  as  determined  by  the  writer,  is 

V=e'l)   WHf±~b, 

5. — That  the  formula  which  conforms  very  closely  to  three  out  of 

four  of  the  experiments  is 

1 

r=1.76i)'V  Hfdtb. 
6. — That  the  use  of  this  formula  will  probably  give  results  within 

2%  of  true  values. 
It  is  probable  that,  by  a  set  of  very  accurate  experiments  made  at 
low  velocities,  the  value  of  b  may  be  zero,  and  thiit  the  constant  e'  and 
the  exponent  of  D  may  be  changed  somewhat  to  make  the  formula 
conform  to  the  experiments. 
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The  amonnt  of  thought  and  attention  that  Mr.  Williams  has  given  Mr.  Noble, 
the  subject  of  the  flow  of  water  in  pipes  makes  his  discussion  a  yalu- 
able  addition  to  the  paper.  The  writer  has  had  neither  the  time  nor  the 
facilities  to  go  as  deeply  into  the  subject,  from  the  standpoint  of  what 
has  been  done  with  other  kinds  of  pipe,  and,  in  the  paper  and  discus- 
sion, has  confined  his  attention  exclusiyely  to  the  kind  of  pipe  and 
within  the  range  of  sizes  which  these  experiments  covered.  His  object 
has  been  two- fold:  To  furnish  the  data  in  its  original  form,  with  all 
steps  in  the  calculations,  so  that  it  could  be  fully  discussed  and 
utilized;  and  to  put  the  results  of  the  only  experiments  conducted  on 
wood  pipe  in  such  form  that  the  practicing  engineer  who  has  use  for 
data  of  this  nature  could  calculate  the  flow  for  any  intermediate  size 
or  slope  and  feel  satisfied  that  the  results  of  his  calculations  would 
conform  to  the  reliable  experiments  extant. 

Whether  the  velocity  varies  as  an  odd  exponent  of  the  diameter  or 
of  the  friction  head  is  a  question  as  to  the  manner  in  which  the  formula 
is  derived.  That  the  velocity  should  vary  as  the  }  power  of  the 
head,  and  that  the  diameter  should  vary  as  some  odd  exponent  with 
the  velocity,  would  seem  to  the  writer  to  be  most  conformable. 

What  Mr.  Williams  says  in  regard  to  the  experiments  on  loss  of 
head  in  specials  is  undoubtedly  true.  The  original  data  were  given 
to  demonstrate  that  there  could  not  have  been  in  these  specials  any 
resistance  that  would  affect  materially  the  total  friction  head  in  the 
lengths  of  pipe  experimented  upon,  the  object  being  to  eliminate  a 
probable  source  of  error. 
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THE  PROTECTION  AND  IMPROVEMENT  OF  FORE- 

SHORES    BY    THE    UTILIZATION    OF 

TIDAL  AND  WAVE  ACTION. 

Discussion.* 


By  Messrs.  L.  M.  Haupt,  Fbangib  L.  Pbtttn,  £.  Bubslem 

Thomson  and  F.  CouiiiNawooD. 


Mr.  Haupt.  L.  M.  Haupt,  M.  Am.  See.  C.  E.,(by  letter). — The  subject  presented 
for  discussion  is  as  old  as  the  sea,  and  it  has  forced  itself  upon  the  atten- 
tion of  all  denizens  of  alluvial  coasts  for  centuries.  Many  efforts  have 
been  made  to  resist  the  attacks  of  Neptune,  but  they  have  been  discon- 
nected, impulsive,  empirical,  and  generally  useless.  In  a  few 
notable  instances,  systematic,  persistent,  national  efforts  have  resulted 
in  fixing  permanently  the  littoral  boundaiies,  as  in  Holland  and 
Belgium.  Not  many  years  ago  it  was  cheaper  in  the  United  States  to 
retreat  than  to  fight  the  sea.  Now,  in  many  instances,  it  is  not  so,  and 
the  method  suggested  by  Mr.  Case,  and  so  admirably  presented  in  this 
paper  by  his  successor,  is  based  upon  the  general  scientific  principle 
that  all  materials  have  a  definite  angle  of  repose  under  certain  condi- 
tions. This,  for  a  foreshore  slope,  is  claimed  to  be  an  ellipse  having 
co-oidinates  which  must  vary  as  the  resultant  of  all  the  forces  varies. 
To  ascertain  the    intensity  and  direction  of   this  resultant  is  the 

*  This  discussion  (of  the  paper  by  R.  G.  Allanson-Winu,  M.  Inst.  0.  E.,  I.,  printed  in 
Proceedings  for  August,  1908; ,  is  printed  in  Proceedings  in  order  that  the  views  ex* 
pressed  may  be  brought  before  all  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  receiyed  prior  to  December  86th,  1908,  wiU  be  pub- 
lished subsequently. 
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difficult  part  of  this  problem,  and  it  is  jnst  here  that  the  skill  and  Mr.  Haupt. 
experience  of  the  engineer  are  called  into  yogne. 

The  author  cites  a  number  of  instances  where  the  groynes  have 
been  built  with  great  success,  and  he  is  correct  in  designing  the  work 
of  recovery  to  operate  little  by  little,  making  it  cumulative.  Abrupt 
angular  changes  in  the  direction  of  littoral  currents  invite  scour  and 
destruction,  not  deposit  and  reclamation.  The  spurs  so  frequently 
built  at  seaside  resorts  to  confine  a  traveling  beach  may  impound  the 
sands  in  their  bays  temporarily,  but  they  invariably  show  the  saw- 
toothed  indentations  resulting  from  the  windward  side  being  filled  to 
the  crest  and  the  leeward  deeply  scoured  out,  so  clearly  shown  in  Fig. 
1,  Plate  XXXIX,  which  is  a  view  of  a  low  groyne  at  Belmar,  on  the 
North  Jersey  Coast.  Similar  features  are  shown  in  the  writer's  paper, 
''Littoral  Movements  of  the  New  Jersey  Coast,  with  Remarks  on  Beach 
Protection  and  Jetty  Reaction,"*  wherein  the  directions  of  the  result- 
ants were  stated  and  the  guide  to  them  assigned. 

The  author  mentions  eight  points  which  are  factors  in  the  problem, 
and  yet  there  seem  to  be  others,  of  even  greater  importance,  which 
must  not  be  overlooked,  viz. ,  the  general  as  well  as  the  local  contour 
of  the  shore,  and  particularly  the  prevailing  angle  of  wave  approach. 

The  writer  does  not  understand  how  samples  of  the  amount  of 
sediment  carried  by  the  currents  are  to  be  taken,  at  the  surface  and  at 
the  bottom  within  the  breaker  line,  for  each  breaker  appears  to  charge 
itself  with  a  different  amount,  depending  upon  the  height  of  its  fall, 
the  depth  of  the  receding  undertow,  the  character  of  material,  and 
other  conditions.  This  is  the  belt  where  the  erosive  forces  are  most 
active  and  where  the  greatest  translation  of  drift  occurs. 

The  causes  of  scour  at  local  points  are  frequently  occult,  and  may 
be  traceable  to  distant  shoals  at  sea,  as  the  author  suggests,  but  there 
is  one  form  of  foreshore  protection  to  which  little  or  no  attention  has 
been  given,  further  than  the  reference  to  **  Detached  or  Insular  Wave 
Breakers,"  in  the  paper  by  the  writer  previously  mentioned,  where 
attention  is  directed  to  the  influence  of  detached  natural  features 
forming  strands  in  their  lee  in  many  cases.  A  recent  striking  illus- 
tration of  this  action  is  shown  by  a  wreck  which  occurred  early  in 
1U02,  at  Seaside  Park,  N.  J.,  just  within  the  breaker  line.  In  a  few 
months  the  shore  has  advanced  to  the  wreck,  so  that,  even  at  high 
water,  it  is  possible  to  walk  to  it  dry  shod,  as  shown  in  Fig.  2,  Plate 
XXXIX. 

In  many  foreshores  there  will  be  found,  beyond  the  breaker  trough, 
a  well-defined  ridge  line,  parallel  with  the  coast,  and  rising  above  the 
general  floor  of  the  sea.  This  natural  rampart  is  the  proper  place  for 
such  detached  defences  or  outposts  placed  within  covering  distances 
80  as  to  create  a  lee.     Projecting  groins  invariably  cause  erosion  at 
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Mr.  Haupt.  points  below  them,  no  less  placed  so  as  to  deliver  the  littoral  enrrent 
nearly  tangentiallj. 

The  largest  piece  of  systematic  reclamation  with  which  the  writer 
is  familiar  is  that  at  Longport,  N.  J.,  where  Mr.  M.  S.  McCnllongh 
has  built  an  extensive  series  of  sand  fences  at  a  very  small  cost.  These 
have  had  the  effect  of  impounding  a  large  amount  of  drift.  In  many 
places  the  beach  has  been  filled  from  6  to  8  ft.,  and  the  high- water  line 
thrown  back  several  hundred  feet.  The  writer  will  reserve  the  details 
of  this  interesting  work  for  a  subsequent  paper. 

Mr.  Prujm.  Francib  L.  Pbutn,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  ques- 
tion of  shore  protection  is  such  an  important  one  to  all  property  owners 
along  the  entire  coast  of  the  United  States  that  this  paper  is  of  great 
interest.  Those  who  have  tried  to  investigate  the  subject,  and  have 
been  met  with  the  total  lack  of  literature  on  the  question  of  shore  pro- 
tection, cannot  help  but  feel  grateful  that  at  last  this  interesting 
branch  of  research  has  been  given  intelligent  attention  and  study,  and 
that  the  results  have  been  published. 

The  proper  treatment  of  the  Jersey  shores,  which  are  subject  to 
constant  change  by  the  erosion  of  strong  littoral  sea  currents,  has 
been  a  subject  of  some  study  on  the  part  of  the  writer  for  the  past  few 
years. 

From  Sandy  Hook  to  Atlantic  City  the  condition  of  the  beach 
seems  to  be  more  or  less  unstable.  The  sand  is  built  up  or  washed 
away  in  an  uncertain  manner,  so  that  to  locate  cottages  near  the  shore 
is  often  a  rather  dangerous  proceeding.  At  Long  Branch  the  sea  has 
made  almost  steady  encroachment,  and  valuable  hotels  and  cottages 
have  frequently  been  endangered,  necessitating  the  costly  procedure 
of  moving  the  structures  further  back  from  the  ocean.  When  visited 
by  the  writer  several  years  ago,  this  beach,  at  several  points,  had 
almost  disappeared,  and  the  high  tide  washed  up  against  a  low  bluff 
which  was  protected  by  strong,  heavy  bulkheads  and  occasional  pile- 
grojnes.  He  was  told  that  there  had  formerly  been  a  wide  beach  at 
this  point,  where  now  appeared  nothing  but  a  hideous  bare  earth  bluff. 
This  also  was  gradually  being  eaten  away.  At  other  points  on  the 
coast,  with  which  the  writer  is  familiar,  hotels  and  cottages  have  b^n 
moved  back  from  the  ocean  two  or  three  times  during  the  past  five 
years.  The  protection  of  the  whole  Jersey  coast  seems  to  be  left  to 
the  judgment  of  the  local  contractor,  who  follows  the  rules  laid  down 
by  his  ancestors  and  never  becomes  discouraged  by  the  failure  of  his 
devices.  The  systems  are  all  similar,  and  consist  of  pile-groynes, 
spaced  from  300  to  500  ft.  apart,  running  from  about  high  tide  to  low- 
water  mark.  In  the  better  class  of  work  they  consist  of  two  rows  of 
piles  jetted  down  15  to  20  ft.  below,  and  rising  usually  4  to  5  ft.  above, 
the  beach  surface.  The  piles  are  fastened  together  securely  by  bolts 
and  waling  strips,  and  are  frequently  sheeted  on  both  sides  with  3-in. 
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plank,  spiked  on.  The  sheeting  is  to  prevent  wash  through  the  piles,  Mr.  Pruyn. 
which  would  be  disastrous  to  the  beach,  as  the  sand  on  one  side  of  the 
groyne  is  frequently  from  3  to  4  ft.  higher  than  on  the  other.  The 
sheeting  is  usually  creosoted,  to  retard  the  action  of  the  Teredo,  and, 
even  then,  lasts  only  three  or  four  years.  If  the  property  to  be  pro- 
tected is  particularly  valuable,  and  the  erosion  continues  in  spite  of 
the  groynes  (which  is  frequently  the  case),  a  pile-bulkhead  is  driven, 
a  little  back  from  high- water  mark  and  parallel  to  the  beach.  This 
double  form  of  protection  with  bulkhead  and  groynes  costs  from  $8  to 
310  per  foot  run  of  beach,  and  is  variously  estimated  to  be  replaced 
every  five  or  ten  years.  Notwithstanding  this  heavy  cost,  as  far  as 
the  writer's  observations  have  gone,  this  system  does  not  protect,  after 
all.  The  erosion  goes  on,  perhaps  more  slowly,  but  none  the  less 
steadily;  the  bulkheads  are  washed  out  by  the  winter  storms;  the 
houses  are  then  moved  further  back;  and  the  process  begins  all  over 
again.  In  addition  to  this,  the  contour  of  the  beach  is  unstable,  and 
is  constantly  undergoing  changes.  At  certain  points  it  will  be  flat, 
firm  and  suitable  for  bathing;  at  others,  steep,  soft  and  totally  unsuit- 
able. The  slope  of  the  beach  seems  to  be  entirely  beyond  control.  In 
an  instance  which  came  under  the  writer's  observation  this  summer  a 
costly  bathing  pavilion  had  been  erected  in  the  previous  year,  at  a 
point  where  the  beach  was  particularly  favorable  for  bathing,  and  this 
year  that  portion  of  the  beach  was  so  steep  that  it  was  considered 
unsafe,  on  account  of  the  undertow,  and  a^  bathing  was  done  at  a 
point  some  3  000  yds.  further  up  the  beach.  The  same  beach  which 
the  year  before  had  been  comparatively  flat,  and  firm  enough  to  sup- 
port a  bicycle  at  low  tide,  was  now  so  soft,  on  account  of  its  steepness, 
that  in  walking  one  sank  in  above  the  ankles. 

The  attractive  qualities,  and  therefore  the  monetary  value,  of  a 
flat,  firm  beach  are  of  considerable  importance  to  owners  of  seashore 
property,  and  its  proper  contour  is  only  second  in  importance  to  the 
protection  of  the  beach  itself.  As  a  matter  of  fact,  a  beach  with  a  fiat, 
uniform  slope  is  the  only  stable  beach,  for  it  not  only  packs  harder, 
but  the  retreating  waves,  having  a  minimum  velocity,  have  lessened 
powers  of  destruction. 

It  certainly  appears  that  the  OaAe  system  of  groyning  approaches 
the  problem  in  a  scientific  manner,  and  the  writer  is  convinced  that 
its  application  to  the  Jersey  shores  would  procure  admirable  re- 
sults. The  building-up  action  begins,  as  the  author  remarks,  at  the 
foundation  of  the  beach,  viz.,  at  low-water  mark,  where  the  sand  sus- 
pended in  the  currents  is  arrested  by  low  groynes,  and  is  carried  up 
the  beach  and  deposited  by  the  wave  action.  The  groynes,  extending 
only  to  mean  sea  level,  escape  the  heavy  sea  action  that  takes  place 
above  this  point,  and  this  is  especially  true  of  the  heavy  winter  storms, 
the  destructive  action  of  which  is  so  detrimental  to  the  pile-groynes 
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Mr.  Pruyn.  and  bulkheads;  for  these  storms  raise  the  mean  sea  level  several  feet 
above  that  usual  during  the  summer  months.  The  shorter  length  of 
the  groynes  is  an  element  of  economy  in  their  construction,  and  this 
feature,  combined  T^ith  the  light  material  of  which  they  are  built, 
makes  their  cost  considerably  less  than  the  pile  systems  described 
above. 

The  adjustability  of  the  system  is  one  of  its  most  favorable  char- 
acteristics. What  is  aimed  at  is  a  slope'  of  beach  which  will  remain 
stable  under  the  varying  summer  and  winter  currents;  and,  while  this 
angle  of  repose  may  be  approximated  beforehand,  it  probably  cannot 
be  determined  accurately  for  any  particular  shore,  jet  by  actual  ob- 
servation in  each  case,  as  the  boards  are  placed  between  the  upright 
posts,  one  can  determine  when  this  angle  of  repose  is  reached,  and  the 
adding  of  further  plank  can  be  discontinued.  The  short  length  of 
time  that  each  plank  is  exposed  to  the  action  of  the  Teredo  before 
being  buried  by  sand  would  probably  not  be  sufficient  to  damage  it 
materially,  so  that  the  frequent  repairs  which  are  necessary  with  the 
pile-groyne  would  not  be  required. 

In  closing,  the  writer  desires  to  thank  the  author  for  the  presenta- 
tion of  a  paper  on  a  subject  which  has  received  so  little  attention  from 
the  engineering  profession,  and  hopes  that  a  full  discussion  will  bring 
to  light  many  facts  of  interest  to  all  those  who  have  had  to  deal  with 
the  problem  that  presents  itself  when  man  endeavors  to  interfere  with 
that  enormous  power,  the  sea. 

Mr.  Thomson.  E.  Bx7BSLEM  THOMSON,  Assoc.  M.  Am.  Boc.  C.  E. — About  six  months 
ago  the  speaker,  being  in  local  charge  of  some  work  on  the  Atlantic 
Coast,  was  enabled  to  make  some  rather  crude  experiments  illustrative 
of  the  value  of  this  form  of  foreshore  improvement. 

It  was  necessary  to  construct  a  dam  to  check  the  encroachment  of 
the  sea  across  a  narrow  neck  of  land  dividing  the  mainland  from  the 
ocean.  The  dam  was  440  ft.  long,  and,  in  front  of  and  normal  to  it, 
wings  (or  groynes)  were  thrown  out,  commencing  60  ft.  from  the  face 
of  the  dam,  at  about  mean  high- water  line,  and  extending  seaward  100 
ft.  to  about  the  line  of  mean  low  water.  It  was  intended  originally 
that  these  wings  should  be  extended  right  up  to  the  face  of  the  dam, 
but,  following  a  discussion  on  the  Case  groyne  system  with  the  prin- 
cipal engineer,  it  was  decided  that  a  space  should  be  left  between  the 
dam  and  the  shore  end  of  the  wings,  thus  allowing  the  waves  and 
currents  to  pass  freely  around  both  ends.  In  construction,  believing 
the  main  feature  to  be  the  gradual  building  up  of  a  series  of  small 
obstructions,  in  place  of  the  usual  method  of.  opposing  a  large  obstruc- 
tion to  the  formidable  action  of  winds,  waves  and  currents,  the  speaker 
made  no  efifort  to  carry  out  the  theoretical  details  of  the  Case  system 
as  to  elliptical  form,  etc. 

Five  wings  were  constructed,  110  ft.  apart,  extending,  as  above 
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mentioned,  from  about  mean  high  to  mean  low  water.  Tbej  were  bnilt  Mr.  Thomson. 
of  3  X  8-in.  yellow  pine  planks,  dropped  on  edge  and  lightly  nailed 
between  posts  set  to  receive  tbem.  As  soon  as  the  sand  reached  the 
level  of  the  top  of  a  plank,  another  was  placed  above  it,  and  so  on. 
The  third  tier  of  planks  was  recently  set  in  place,  and  the  sand  is  now 
within  2  ins.  of  its  top. 

In  some  of  the  wings,  the  speaker  noticed  the  tendency  to  the 
'*  saw-tooth  '*  condition  mentioned  by  the  auther,  bnt  observed  that 
this  seemed  to  be  dependent  on  the  prevailing  direction  of  the  wind. 
A  wind  from  the  opposite  direction  wonld  correct  this  condition  in  a 
short  time,  and  at  present  there  is  no  greater  difference  in  elevation 
on  either  side  than  2  or  3  ins. 

The  wings,  being  built  on  the  shore  at  the  entrance  to  the  harbor, 
were  subjected  to  tidal  currents,  the  ebb  and  flood  being  of  approxi- 
mately equal  velocity.  Some  of  the  posts  supporting  the  planking 
were  square  timbers  set  about  3}  ins.  apart  and  driven  to  a  depth  of  8 
to  9  ft.  with  a  pile-driver.  The  speaker  found  a  more  rapid,  as  well  as 
a  more  economical,  method  in  constructing  them  of  two  3  x  8-in.  planks^ 
set  3|  ins.  apart  and  kept  in  this  position  by  nailing  short  cross-bars, 
in  grillage  form,  at  the  lower  end.  This  end  was  sunk  3  ft.  in  the 
sand,  and,  when  the  holes  were  filled  and  carefully  tamped,  the  posts 
were  found  to  be  as  firm  as  those  driven  by  the  pile-driver.  Two  men 
were  able  to  construct  and  set  in  place  one  post  in  two  honrs,  the 
average  cost  for  all  labor  and  material  being  $2  per  post. 

While  this  experiment  has  not  taken  into  consideration  many  of  the 
conditions  set  forth  in  the  Case  system  of  groynes,  the  results,  up  to 
the  present  time,  have  been  entirely  satisfactory,  and  the  speaker  is 
of  the  opinion  that  this  inexpensive  form  of  shore  protection  will  be 
of  great  value  in  the  protection  and  building  up  of  exposed  shore  lines 
where  the  prohibitive  cost  of  masonry  and  stone  construction  has  pre- 
vented necessary  improvements. 

F.  CoLLiNGWooD,  M.  Am.  Soc.  C.  E.  (by  letter.) — For  some  time  Mr.  Colling- 
the  writer  has  been  observing  the  effect  of  the  use  of  groynes  along  ^<^^- 
the  coast  of  New  Jersey.  In  that  locality  they  are  always  called  jet- 
ties. As  is  well  known,  the  ocean  shoals  very  gradually,  so  that 
pound-nets  are  set  nearly  a  mile  from  shore,  and  the  large  waves  in  a 
violent  storm  break  about  1  000  ft.  out.  With  the  ocean  compara- 
tively quiet,  the  sand  is  heaped  up  along  the  immediate  front;  but  the 
travel  of  the  waves  caused  by  a  northeast  or  southeast  storm  cuts 
down  the  sand  and  makes  a  very  long  flat  slope  with  a  descent  of  only 
4  or  5  ft.  per  100  ft. 

Before  the  regimen  of  the  shore  was  disturbed  by  piers,  bulkheads 
or  groynes,  this  cutting  and  filling  nearly  balanced,  so  that  the  bluffs 
retreated  but  slowly.  The  building  of  various  obstructions,  jetties, 
etc. ,  seems  to  have  caused  a  deflection  of  the  waves  and  currents,  and 
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Sir.  CoiUng-  ^^^  ^^^so  caused  cutting  at  a  rapid  rate  where  the  shore  is  unprotected, 
wood.      Those  who  visited  the  steamer  New  Tork^  when  stranded  at  Long 
Branch,  saw  a  marked  example  of  this. 

The  same  is  true  at  Avon,  where,  within  a  few  years,  the  bluff  has 
been  out  back  at  least  26  ft. ,  and  the  cut  now  imperils  the  ocean  drive- 
way. 

All  sorts  and  styles  of  protection  have  been  adopted.  The  earlier 
attempts,  at  Long  Branch  and  vicinity,  were  by  bulkheads.  These  have 
failed  invariably.  A  wave  can  be  ''  tired  out,"  but  the  power  of  its 
sweep  against  a  vertical  face  is  tremendous. 

It  will  always  be  found  that  eventually  a  slope  will  be  assumed  by 
the  sand,  such  that  a  wave  will  run  up,  lose  its  inertia  by  friction  and 
the  lifting  of  the  wave,  and  come  to  rest,  returning  with  diminished 
velocity  and  less  capacity  for  mischief. 

A  dyke  of  fine,  loamy  sand,  built  out  into  the  James  Biver  for  the 
first  Newport  News  dry-dock,  was  at  first  cut  away  rapidly  by  the 
waves,  which  had  a  sweep  of  5  miles ;  but,  after  reaching  a  slope  of  1 
to  6  and  gpreater,  from  high  water  down,  the  cutting  ceased  entirely. 

The  scheme  of  protection  now  mostly  used  on  the  Jersey  Coast  is 
that  of  groynes;  but,  as  a  whole,  they  are  not  constructed  scientifi- 
cally. One  error,  causing  the  expenditure  of  a  considerable  sum  at 
Ocean  Grove,  and  repeated  again  at  Avon  last  summer,  is  the  neglect 
to  tie  or  secure  properly  the  land  end  to  the  bluff.  Although  the 
writer  called  attention  to  the  matter  at  Avon,  no  change  was  made, 
and  to-day  there  is  a  cut  landward  of  some  20  ft.  beyond  the  groyne 
and  around  its  inner  end. 

Another  fault  is  making  the  groyne  too  high,  as  a  whole.  This 
results  in  a  piling  up  of  sand  on  one  side  (the  side  from  which  the 
wind  may  come),  and  a  cutting  on  the  lee  side  by  the  water  pouring 
over  the  groyne.  This  upholds  the  claims  made  in  Mr.  Allanson- 
Winn's  paper. 

A  third  fault  is  insufficient  length  seaward.  It  is  evident  that  the 
length  should  be  such  that  the  top  of  the  groynes  should  be  at  about 
low  water,  and  the  slope  about  the  same  as  the  flattest  slope  assumed 
naturally  by  the  sand  when  acted  upon  by  the  waves. 

Of  course,  at  the  inner  end,  this  slope  must  be  increased,  hence 
the  whole  discussion  leads  to  the  form  adopted  in  the  paper. 

When  reasonable  methods  are  pursued  the  result  is  as  may  be  seen 
at  various  points  along  this  coast;  the  groynes,  to  a  great  extent,  will 
be  buried  in  the  sand,  and  the  bluff  at  the  inner  end  fully  protected. 
A  length  of  about  150  to  180  ft.  seems  to  be  desirable  in  this  locality, 
where  the  tidal  rise  is  nearly  5  ft. 

As  to  distance  apart,  the  practice  seems  to  vary.  Manifestly,  it 
must  be  such  that  no  travel  of  the  waves  along  the  bluff  will  be  pos- 
sible.    This  would  probably  vary  somewhat  with  the  direction  taken 
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by  the  prevaUing  winds.     The  distance  adopted  on  the  Jersey  Coast,  Mr.  Colling- 
in  many  eases,  seems  to  be  too  great;  the  same  as  the  length  of  the 
groynes  wonld  no  donbt  be  safe. 

Considerable  sums  have  been  wasted  by  the  unscientific  treatment 
heretofore  prevailing;  and,  undoubtedly,  the  field  is  one  where  good 
engineering  would  pay. 
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Discussion.* 


By  Messrs.  W.  Boabdmai^  BfesD  Aia>  James  N.  Hazlehubst. 


Mr.  Reed.  W.  BoABDMAN  Be£d,  M.  Am.  Soc.  G.  £. — The  speaker  is  not  an 
expert  on  asphalt  payement,  but  has  had  considerable  experience  in 
the  maintenance  of  such  pavements  beside  street-railway  tracks.  In 
New  York  City,  for  several  years  past,  it  has  been  the  practice  to  use 
what  is  known  as  the  **  Trilby  "  rail,  having  an  inside  flange,  about 
2 1  ins.  wide,  at  the  same  height  as  the  head,  and  to  lay  asphalt  up 
against  both  sides  of  this  rail.  Where  the  rail  is  perfectly  rigid,  pave- 
ment of  this  character  will  last  fairly  well  on  streets  with  little  traffic; 
but,  where  the  traffic  is  heavy,  there  is  an  inclination  for  truckmen  to 
follow  the  rail,  and,  dropping  off  it  from  time  to  time,  wear  ruts 
beside  it. 

On  track  which  is  not  perfectly  rigid  it  is  almost  impoasible  to 
maintain  asphalt  pavement  next  the  rail  in  safe  condition,  and  where 
this  has  been  attempted  it  has  been  found  to  be  very  expensive  to 
maintain  it  even  in  passable  condition.  On  one  of  the  street-railway 
lines  in  charge  of  the  speaker  the  cost  of  the  maintenance  of  asphalt 
between  the  rails  only  has  been  $4  500  per  year  per  mile  of  single  track, 
or  about  62  cents  per  square  yard.  Toothing  stones  have  been  laid 
next  to  the  rail,  and  a  cast-iron  strip  has  been  used  with  considerable 
success  for  this  purpose,  with  the  idea  of  allowing  the  rail  to  vibrate 
against  either  the  toothing  stone  or  the  iron  strip  without  injuring  the 
asphalt  or  the  foundation  upon  which  it  is  laid. 

Continued  from  October,  1902.  Proceedings.  See  May,  IMS,  ProceedingAt  for  paper 
on  this  subject  by  James  N.  Haslenurst,  M.  Am.  Soc  0.  £. 
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Mnoh  of  the  diffionlt j  in  the  maintenance  of  asphalt  on  streets  Mr.  Reed, 
comes  from  the  frequent  tearing  up  of  the  street  for  repairs  to  sub- 
structures. There  is  no  doubt  that  asphalt  pavement  can  be  laid  so  as 
to  last  many  years  with  yerj  little  repair,  if  a  proper  foundation  is  put 
in  and  if  that  foundation  is  not  disturbed.  This  is  especially  notice- 
able on  Fifth  Ayenue  in  New  York  City,  but,  even  there,  where  excava- 
tions have  been  made,  bad  settlements  of  the  pavement  have  occurred 
shortly  after  it  has  been  restored. 

One  point  in  the  matter  of  maintenance  the  author  has  not  touched. 
A  company  laying  asphalt  under  guaranty  practically  has  control  of 
the  street  during  the  existence  of  the  guaranty,  and  would  be  able  to 
interfere  more  or  less  with  any  improvements,  even  though  they  might 
be  desired  by  the  city  authorities.     Such  a  company  is  able  to  demand 
almost  any  price,  from  any  corporation  that  makes  such  improvements, 
for  the  privilege  of  tearing  up  and  restoring  the  pavement,  if  such  im- 
provements change  the  surface  of  the  street  in  any  manner.     In  one 
instance,  in  New  York  City,  where  the  pavement  had  been  laid  under 
a  five-year  guaranty,  there  was  in  the  street  a  single  street-railway 
track,   constructed  and  operated  for  horse- cars.    It  was  considered 
desirable,  not  only  by  the  street-railway  company,  but  by  the  city 
authorities,  to  change  the  location  of  the  existing  track  and  put  in  two 
tracks,  making  them  according  to  the  standard  slotted  construction  of 
New  York  City,  instead  of  the  original  horse-car  construction.     The 
asphalt  company  held  that  the  laying  of  the  second  track  and  the 
change  in  the  style  of  construction  invalidated  their  guaranty  con- 
tract, and  the  railway  company  was  obliged  to  pay,  and,  rather  than 
have  litigation,  did  pay,  a  considerable  sum  to  the  asphalt  company 
for  the  privilege  of  complying  with  the  desires  of  the  city  authorities. 
In  the  speaker's  opinion,  the  exorbitant  prices  bid  in  the  past  for 
the  laying  and  maintaining  of  asphalt,  with  the  privilege  of  charging 
any  corporation  that  may  bo  obliged  to  disturb  the  pavement  the  con- 
tract price  for  its  restoration,  are  unjust.     Quite  recently,  it  was  neces- 
sary to  make  repairs  to  a  street-railway  track  on  a  street  where  pave- 
ment had  been  laid,  under  a  fifteen-year  guaranty,  at  $4.86  per  square 
yard.     The  guaranty  would  expire  in  1908.     The  asphalt  company, 
according  to  contract  with  the  city,  had  the  right  to  charge  the  full 
contract  price  for  the  restoration  of  this  asphalt;  whereas,  under  the 
present  prices,  the  work  could  be  done  for  less  than  92  per  square  yard. 
With  regard  to  laying  and  maintaining  asphalt  beside  the  rail;  in 
the  year  1900,  a  surface  track  was  laid  on  34th  Street,  New  York  City, 
with  a  9-in.  girder-rail  supported  by  a  heavy  concrete  beam.     This 
rail  was  perfectly  rigid,  there  being  no  vibration,  even  though  very 
heavy  cars  were  operated  over  it.     Special  care  was  taken  in  the  laying 
of  the  asphalt,  yet  it  was  not  more  than  six  or  eight  months  before 
ruts  appeared  beside  the  rail,  and  it  was  necessary  to  make  repairs. 
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Mr.  Reed.  Asphalt  wears  out  rapidly  at  any  point  where  it  adjoins  a  harder 
material,  as  for  instance,  at  the  manholes  of  sewers,  at  water-gate 
boxes,  etc.,  owing  to  the  pounding  of  vehicles  dropping  from  the  hard 
to  the  softer  surface. 

Mr.  Hazle-  J.  N.  Hazlehxtbst,  M.  Am.  Soc.  G.  E.  (by  letter). — In  exercising 
his  privilege  of  closing  this  discussion  and  of  replying  to  criticism 
made  by  participating  members,  while  disclaiming  any  intention  of 
being  captious  or  hypercritical,  the  writer  is  somewhat  uncertain  of  his 
position  and  attitude  on  account  of  the  considerable  amount  of  irrele> 
vant  matter  interjected  by  participants.  Thus,  one  of  these  gentlemen 
objects  to  laying  asphalt  strips  upon  old  block  pavement  for  the  use 
of  bicyclists;  another  seeks  information  as  to  the  cause  of  the  rolling 
and  cracking  of  asphalt  pavements;  while,  of  the  two  members  who 
attempt  to  discuss  the  paper  seriously,  the  remarks  of  one,  if  not 
entirely  irrelevant,  are,  at  least,  full  of  generalities,  as,  for  instance, 
the  necessity  for  and  character  of  the  bond  intended  to  secure  the  main- 
tenance clause  of  such  a  contract;  the  possible  increase  of  price  due  to 
the  subsequent  care  of  the  pavement  but  concealed  in  the  original 
proposal;  a  reiteration  of  the  principle  (stated  by  the  writer)  of  the 
shadowy  and  narrow  division  line  between  maintenance  and  guaranty 
clauses;  a  recitation  of  the  well-established  fact  that,  to  preserve  the 
integrity  of  a  contract  for  maintenance,  due  care  must  be  taken  by  the 
city  that  acts  of  omission  or  of  commission  do  not  release  the  principal 
or  relieve  the  surety;  followed  by  a  statement  of  fche  experience  of  New 
York  City  in  having  to  pay  an  exorbitant  charge  for  repair  work  which, 
although  included,  was  overlooked  in  the  consideration  of  the  original 
contract;  and  finally,  as  an  original  proposition,  suggesting  that  the 
contractor  be  allowed  to  follow  his  own  judgment  as  to  mixtures  and 
measures  if  it  is  expected  to  hold  him  to  specific  and  definite  results. 

This  general  treatment  of  the  subject,  while  interesting,  brings  out 
out  only  one  or  two  new  points,  and  to  these  the  writer  desires  to 
reply  briefly.     According  to  Mr.  Whinery : 

<*  There  is  one  important  feature  of  these  long-tim'e  guaranties  that 
seems  not  to  have  been  brought  before,  or  considered  by,  the  Courts  at 
all;  that  is,  that  in  nearly  every  city  the  terms  of  contracts  for  paving, 
including  the  guaranty  requirements,  are  general,  and  are  made  to 
apply  to  all  streets  alike.  No  allowance  is  made  with  respect  to  dif- 
ferent streets  for  different  conditions  of  lise,''  etc. 

While  it  is  admitted  that  the  character  of  the  traffic  upon  the  streets 
possibly  included  under  such  a  maintenance  clause  is  variable,  the 
conditions  are  possibly  not  more  eccentric  than  those  surrounding  the 
same  streets,  let  at  the  same  time,  and  under  the  same  specifications 
for  constructive  work,  and  upon  which  the  unit  price  bid  is  the  same, 
in  both  cases,  it  being  entirely  possible  for  the  contractor  to  balance 
his  estimate  of  cost  so  as  to  reach  a  fair  average  price  both  for  con- 
struction or  for  maintenance. 
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Again,  Mr.  Whinery  declares  that:  Mr.  Hade- 

**In  the  early  history  of  asphalt  pavement,  when  its  merits  were  ^"*  ' 
questioned  and  distrusted,  when  the  properties  of  the  material  used 
were  not  well  understood  and  the  methods  of  constructing  it  were  not 
familiar  to  engineers,  it  cannot  be  doubted  that  the  requirement  of 
some  guaranty  of  results  was  not  only  justified,  but  was  required  by 
ordinary  business  prudence.     But  that  time  has  now  passed,"  etc. 

While  it  is  a  fact  beyond  contention  that  certain  well-known 
brands  of  asphalt  are  thoroughly  understood  and  may  be  fully  relied 
upon  under  given  conditions,  to  discriminate  in  their  favor  pro- 
duces a  limited  competition,  to  avoid  which  and  yet  to  safeguard 
municipal  authorities,  it  is  proposed  by  the  writer  to  rely  more  fully 
upon  the  guaranty  of  the  contractor  for  successful  and  permanent  work. 

The  writer  can  hardly  believe  that  even  as  experienced  an  engineer 
as  Mr.  Whinery  is  conceded  to  be  would  be  willing  to  rely  entirely 
upon  the  determination  by  himself  and  his  chemist  of  the  particular 
merits  of  an  untried  asphaltic  material,  such  as  the  bituminous  rock  or 
liquid  product  of  California,  Texas  or  Utah.  If  he  contends  that  such 
unknown  material  should  be  barred,  as  has  long  been  the  habit  of 
many  of  our  larger  cities,  there  is  little  encouragement  offered  to  hon- 
est competition  against  the  larger  companies,  and  he  would  endorse 
and  perpetuate  monopoly,  collusion  and  the  whole  train  of  ills  due  to 
restricted  competition  and  class  legislation. 

Furthermore,  notwithstanding  Mr.  Whinery *b  assertion,  that  **Our 
cities  can  safely  rely  upon  their  engineers  to  prepare  adequate  specifi- 
cations, and  to  enforce  them  so  as  to  secure  work  of  the  highest 
standard  of  excellence,"  the  tendency  is  distinctly  toward  contracts 
with  a .  longer  maintenance  or  guaranty  clause,  and  where,  formerly, 
five  years  was  considered  a  sufficient  term  of  guaranty,  ten  years  is  now 
more  common,  and  fifteen  years  is  not  an  unusual  requirement  in  this 
country,  while  the  standard  term  for  maintenance  in  German  cities  is 
nineteen  years! 

Mr.  Nelson  P.  Lewis,  in  his  consideration  of  the  subject,  calls  into 
question  the  fairness  of  taking  the  recorded  cost  of  maintenance  for 
the  asphalt  pavements  of  the  City  of  Washington  as  a  representative 
and  equitable  basis  of  cost,  but  without  pausing  to  justify  the  correct- 
ness and  fairness  of  the  reference  figures,  the  writer's  contention  is  for 
the  principle  or  system  of  fixing  a  stipulated  sum  as  the  maximum 
price  for  the  maintenance  of  the  pavement,  not  to  be  paid  as  a  bonus, 
but  only  as  earned;  and  contends  that  such  an  arrangement  furnishes 
a  fair  working  hypothesis,  although  admitting  that  the  contractor  will 
have  to  make  a  **  guess  "  as  to  the  actual  cost  of  such  maintenance. 
Is  there  ever  any  certainty  in  the  bid  of  a  contractor  for  the  execution 
of  a  contract?  Then,  why  should  it  be  less  legitimate  for  the  con- 
tractor to  * '  guess  "  at  the  cost  of  maintaining  any  piece  of  work  than 
for  him  to  **  guess  '*  at  its  first  cost? 
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Mr.  Hazle-       Referring  to  Mr.  Lewis'  recommendation  that: 

"  After  the  expiration  of  the  original  contract  covering  not  more 
than  five  years,  subsequent  contracts  for  from  one  to  five  years  be  made 
for  maintaining  the  pavements,  which  contracts  should  provide  that 
the  contractor  be  paid  for  the  material  actually  used,  and  which 
would  be  placed  where  directed." 

The  advantage  of   this  method  of   securing  necessary   material 

-  for  repairs  would  be,  as  suggested  by  Mr.  Lewis,  the  element  of  saving 

under  such  a  contract,  in  the  repairs  to  streets,  which,  from  their  age 

or  trafSc,  have  been  reduced  in  thickness.     This  method  of  arriving  at 

an  equitable  measurement  of  the  value  of  the  required  materials  for 

repair  is  novel  and  undoubtedly  possesses  good  points,  but  the  annual 

wear  and  tear  of  the  street  surface,  and  its  consequent  loss  in  thickness 

under  traffic  may  be  discounted  by  the  contractor  and  equated  for  in 

the  original  proposal  for  construction. 
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MEMOIRS  OF  DECEASED  MEMBERS. 

Nora.— Memoirs  will  be  reproduced  In  the  Volumes  of  Tranaactiont,  Any  informa> 
tion  which  will  amplify  the  records  as  here  printed,  or  correct  any  errors,  should  be 
forwarded  to  the  Secretary  prior  to  the  final  publication. 


LORENZO  RUSSELL  CLAPP,  M.  Am.  Soc.  €.  E.* 


Died  August  13th,  1902. 


Lorenzo  Bnssell  Clapp  was  bom  in  QtdnGj,  MassachusettB,  on 
April  25th,  1843.  He  was  descended  from  Thomas  Clapp,  who  settled 
in  Scituate  in  1640,  and  on  his  maternal  side,  was  great-grandson  of 
Captain  Jonathan  Clark. 

In  1850  Mr.  Clapp *s  family  moved  from  Qnincy  to  Dorchester.  He 
was  graduated  from  the  Dorchester  High  School  in  1860,  and  in  1861 
he  enlisted  in  the  United  States  Navy,  where  he  served  nntil  the  close 
of  the  Civil  War.  He  stndied  civil  engineering  nnder  General  Minot, 
later  Chief  Engineer  of  the  City  of  Boston.  At  the  same  time  he  served 
a  three-years'  apprenticeship  in  the  office  of  the  late  Thomas  Doane, 
M.  Am.  Soc.  C.  E.  His  first  experience  in  the  field  was  with  the  Old 
Colony  and  Cape  Cod  Railway. 

In  1869  he  came  to  Brooklyn,  New  York,  and  received  the  appoint- 
ment of  Assistant  Engineer  in  the  Department  of  Public  Works.  He 
served  in  this  department  nnder  the  following  Chief  Engineers:  The 
late  Moses  Lane,  M.  Am.  Soc.  C.  E. ;  the  late  Julius  W.  Adams,  Past- 
President,  Am.  Soc.  C.  E.,  and  Robert  Van  Bureu,  M.  Am.  Soc.  C.  E. 
He  was  Resident  Engineer  in  charge  of  building  the  Hempstead  Storage 
Reservoir;  he  also  had  charge  of  several  important  improvements  on 
the  Brooklvn  water-shed. 

In  1882  he  was  placed  in  charge  of  the  Brooklyn  Relief  Sewer 
system,  and  was  Constructing  Engineer  for  the  great  tunnel  sewers  in 
North  Second  Street  and  Greene  Avenue,  in  that  city. 

Besides  work  for  the  City  of  Brooklyn,  Mr.  Clapp  was  associated 
for  several  years  with  the  late  Austin  Corbin,  in  the  Long  Island  Im- 
provement Company's  Fort  Pond  Bay  surveys,  Manhattan  Beach  im- 
provements, etc. 

Mr.  Clapp  was  considered  an  expert  in  tunneling  and  sewer  constrac- 
tion;  as  an  engineer  in  construction  he  was  well  known  to  those  of  his 
profession,  and  he  won  the  respect  and  confidence  of  all  who  were 
associated  with  him. 

In  1894,  after  Mr.  Van  Buren  left  the  Brooklyn  Department  of 
Public  Works,  he  also  resigned  and  entered  the  contracting  business. 

^*  Memoir  prepared  by  Robert  Van  Buren,  M.  Am.  Soc.  C.  E. 
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This  work,  however,  was  uncongenial  to  him,  and  worry  over  several 
bad  contracts,  doubtless,  had  much  to  do  with  his  breaking  down  and 
sudden  death. 

Since  1870  Mr.  Olapp's  home  has  been  at  Hempstead,  Long  Island. 
While  resident  there,  in  charge  of  the  Storage  Reservoir,  he  married, 
in  1874,  Miss  Suzannah  J.  Smith,  of  Foster's  Meadow.  His  wife  and 
one  son  survive  him. 

Mr.  Clapp  was  devoted  to  his  profession,  and  found,  in  its  demand 
for  accuracy  and  truth,  an  atmosphere  well  suited  to  the  conscientious- 
ness and  clear,  cool  judgment  that  was  his  natural  heritage.  He  be- 
came a  Member  of  the  American  Society  of  Civil  Engineers  on 
February  1st,  1888. 

ARTHUR  STANLEY  HOBBY,  M.  Am.  Soc.  C.  E.* 


Died  Mat  28th,  1902. 


Arthur  Stanley  Hobby  was  born  in  Manchester,  England,  on  March 
15th,  1836,  being  the  eldest  of  three  sons  of  Benjamin  Hobby,  a  manu- 
facturer of  wooden  silk-working  machinery.  He  was  educated  in  St. 
Saviours  School,  at  Manchester,  and  was  articled  as  a  '*  pupil  teacher" 
in  that  school  as  the  result  of  competitive  examinations,  according  to 
the  methods  in  vogue  at  that  time.  Upon  finishing  his  term  in  1854, 
he  entered  the  employ  of  a  large  shipping  firm,  Jackson  and  Company, 
of  Manchester,  where  he  remained  for  three  years.  Not  finding  com- 
mercial business  congenial,  he  articled  himself  in  1857  for  a  term  of 
seven  years  to  Mr.  John  Shaw,  Civil  and  Mining  Engineer,  of  Derby, 
England,  who,  in  addition  to  a  large  general  practice,  was  engineer  to 
large  coal-mining  interests  in  that  district.  Due  to  his  sound  judg- 
ment in  engineering  matters,  Mr.  Hobby  soon  became  an  important 
assistant  to  his  employer,  and  was  entrusted  with  many  problems  of 
importance.  In  1864  he  was  engaged  by  Mr.  J.  H.  Arkwright  to  make 
surveys  of  an  extensive  estate  in  Herefordshire,  upon  the  completion 
of  which  he  established  a  private  practice  at  Kingston,  where  he  also 
built  and  operated  on  his  own  account  a  steam  brickyard,  using  the 
patent  Hoffman  kilns.  It  is  believed  that  this  was  quite  a  departure 
from  the  regular  methods  of  brick  manufacture  at  that  time,  but  it  was 
quite  successful.  While  at  Kingston  Mr.  Hobby  married  Miss  Maria 
Elizabeth  Bishop. 

In  1871,  due  to  the  failing  health  of  his  wife,  he  moved  to  Virginia 
and  tried  farming,  but  soon  drifted  into  his  professional  work  again, 
holding  positions  on  various  projects  in  Virginia  and  Kentucky,  among 

♦  Memoir  prepared  by  his  son,  Arthur  Stanley  Hobby,  Jr.,  Assoc.  M.  Am.  Soc.  C.E. 
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them  being  the  Chesapeake  and  Ohio  Railroad,  the  proposed  Big  Sandy 
Bailroad,  and  various  surveys  of  coal  properties  in  Kentucky  and 
Ohio. 

In  1876  he  settled  in  Cincinnati,  Ohio,  and  became  City  Sewerage 
Engineer,  under  Latham  Anderson,  M.  Am.  Soc.  C.  £. ,  City  Engineer, 
both  having  been  elected  to  office  on  the  great  reform  wave  which 
swept  the  city  that  year.  Until  that  time  Cincinnati  had  been 
drained  by  a  very  imperfect  system  of  ''combined"  sewers,  and  Mr. 
Hobby  introduced  what  is  now  known  as  the  ''separate"  system,  but 
was  then  known  throughout  that  locality  as  the  *' Hobby"  system. 
It  wiU  thus  be  seen  that  Mr.  Hobby  was  one  of  the  original  workers 
along  that  line,  and  Cincinnati  was  one  of  the  first  cities  in  the  coun- 
try to  adopt  that  system,  notwithstanding  the  fact  that  the  public 
offered  great  opposition  and  ridiculed  the  system  severely.  The  idea 
that  a  city  of  the  size  of  Cincinnati  could  be  drained  by  small  pipe 
sewers  was  preposterous!  He,  however,  had  the  courage  of  his  con- 
victions, and  his  arguments  were  so  so^nd  that  he  won  the  day,  and 
his  plans  were  adopted.  During  the  four  years  that  he  remained  in 
office  a  great  deal  was  done  to  put  the  city  on  a  proper  sanitary  basis, 
and  the  plans  and  regulations  prepared  by  him  are  stiU  followed,  with 
but  little  if  any  variation. 

About  the  year  1880  another  political  turnover  put  both  Colonel 
Anderson  and  Mr.  Hobby  out  of  office,  and  the  firm  of  Anderson  and 
Hobby  was  formed,  which  enjoyed  a  very  large  practice. 

In  1885,  or  the  early  part  of  1886,  owing  to  the  failing  health  of  Mr. 
Anderson,  the  firm  was  dissolved,  and  Mr.  Hobby  continued  the  busi- 
ness in  his  own  name.  Among  the  most  notable  of  Mr.  Hobby's  works 
during  that  period  were  the  design  and  construction  of  the  plant  and 
town  of  Ivorydale,  for  the  Proctor  and  Gamble  Company,  the  design 
and  construction  of  the  plant  and  town  of  Addyston  for  the  Addyston 
Pipe  and  Steel  Company,  these  plants  at  the  time  being  the  largest  of 
their  kind  in  the  United  States.  He  also  introduced  his  sewer  system 
into  a  number  of  towns  and  villages  of  Southwestern  Ohio.  His  advice 
on  sanitary  matters  was  sought  by  many  towns  throughout  the  Central 
West.  He  was  for  many  years  Engineer  to  the  Villages  of  Clifton  and 
Avondale,  Ohio,  now  a  part  of  Cincinnati,  and  throughout  that  section 
of  the  country  many  important  works  stand  as  monuments  to  his  sound 
judgment  and  skill. 

In  1882,  at  Woodsdale,  a  small  town  near  Hamilton,  Ohio,  he  con- 
structed a  wooden  dam  across  the  Big  Miami  Biver,  where  the  banks 
and  bed  of  the  stream  were  composed  of  shifting  sands,  and  where  three 
dams  had  already  failed.  The  purpose  of  the  dam  was  to  maintain  a 
valuable  water-power  right.  The  dam  was  built  during  the  winter, 
under  great  difficulties,  and  was  inundated  by  a  heavy  freshet  when 
about  half  built,  but  it  is  still  there. 
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In  1898  he  gave  up  his  practice  in  Cincinnati,  and  went  for  a  short 
time  to  Philadelphia  and  then  to  Southern  California.  He  died  in  Los 
Angeles  on  May  28th,  1902,  after  a  stroke  of  paralysis  followed  by  a 
lingering  attack  of  typhoid  fever,  and  leaves  a  widow,  three  daughters 
and  a  son. 

Mr.  Hobby  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  June  6th,  1894. 


GEORGE  WASHINGTON  HOW£LL,«  M.  Am.  Soc.  C.  £. 


Died  Febbuaby  15th,  1901. 


George  Washington  Howell  was  born  at  the  Howell  Homestead, 
Littleton,  Morris  County,  New  Jersey,  on  December  21st,  1836,  his 
father  being  the  Honorable  Edward  Howell,  and  his  mother  Mary  Lee, 
both  descendants  of  old  colonial  families.  When  a  lad  of  sixteen, 
young  Howell  accepted  the  position  of  teacher  in  a  small  country 
school  near  his  home,  and  four  years  later  he  entered  the  New  Jersey 
State  Normal  School,  where,  after  being  graduated,  he  remained  as 
instructor  in  mathematics  and  languages  for  several  years.  Finding 
that  his  talents  lay  in  the  engineering  line,  however,  he  severed  his 
conneotion  with  the  Normal  School,  and  stadied  civil  engineering. 

For  some  time  he  was  associated  with  the  late  Professor  George  H. 
Cook,  State  Geologist  of  New  Jersey,  preparing  the  topographical 
maps  and  geological  reports  of  the  State,  and  it  may  be  interesting  to 
know  that  he  prepared  and  made  the  first  four  sheets  of  the  New 
Jersey  State  Topographical  Survey. 

Mr.  Howell  was  at  one  time  Constructing  Engineer  of  the  New 
Jersey  West  Line  Bailroad,  and  of  the  Western  New  York  and  Penn- 
sylvania Bailroad,  being  also  connected  with  the  Delaware,  Lacka- 
wanna and  Western  Bailroad  at  the  Hoboken  Terminal,  the  Boonton 
Branch  and  the  Binghamton  Extension. 

Mr.  Howell  was  Engineer  for  the  Morris  Aqueduct  for  Morristown, 
New  Jersey,  and  designed  many  of  the  reservoirs.  He  was  also  Engi- 
neer for  the  State  Hospital  at  Morris  Plains,  for  which  he  designed 
the  water- works  and  sewage  disposal  systems,  as  well  as  the  landscape 
work.  He  was  E^^gineer  for  Morris  County  and  Morristown,  New 
Jersey,  for  many  years. 

In  later  years  he  made  a  special  study  of  drainage,  water  supplies, 
etc. ,  and  was  appointed  a  member  of  the  original  Commission  for  the 
Drainage  of  Flow  Lands  along  the  Passaic  Biver,  serving  as  Secretary 
and  Engineer  until  his  death.     In  1879,  in  conjunction  with  J.  James 

*  Memoir  prepared  by  James  Owen,  M.  Am.  Soc.  C.  E.,  and  from  a  Memoir  published 
by  the  New  Jersey  State  Sanitary  Association. 
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B.  Croes,  M.  Am.  Soc.  C.  E.,  Mr.  Howell  made  an  exhauBtive  report 
on  an  investigation  of  the  possible  source  of  water  supply  for  Newark, 
New  Jersey,  and  this  investigation  brought  him  into  many  of  the  water 
suits  of  recent  years.  He  was  also  connected  with  the  East  Jersey 
Water  Company  in  investigations  for  water  supply  and  installing  the 
water-works  of  Montclair,  New  Jersey. 

In  addition  to  his  engineering  work,  which,  in  later  years,  was 
principally  as  expert  and  consulting  engineer  on  water-works,  sewage 
disposal,  bridges,  etc.,  Mr.  Howell  was  connected  with  many  organi- 
zations not  bearing  directly  upon  his  profession.  He  was  a  member 
of  the  State  Board  of  Education,  of  the  New  Jersey  State  Sanitary 
Association,  of  the  Board  of  Directors  of  the  Morristown  Memorial 
Hospital,  for  which  he  was  also  Secretary,  of  the  Washington  Asso> 
ciation  of  New  Jersey,  and  of  the  Sons  of  the  American  Be  volution. 

In  all  this  busy  life,  however,  Mr.  Howell  still  found  time  for  his 
church  work,  and  wad  President  of  the  Board  of  Trustees  and  Deacon 
for  life  of  the  Morristown  Baptist  Church.  He  was  also  Becording 
Secretary  of  the  Morris  County  Sabbath  School  Association  and  Secre- 
tary of  the  North  Jersey  Baptist  Association.  He  served  also  as 
Treasurer  of  the  Young  Men's  Christian  Association. 

From  early  manhood  Mr.  Howell  had  a  keen  love  for  reading,  and 
spent  much  time  in  his  library,  where  he  also  wrote  many  contribu- 
tions to  the  press,  especially  upon  historical  matters,  as  he  was  well 
versed  in  State  and  local  genealogical  matters  of  historical  interest. 

Truly  revered  and  loved  as  Mr.  Howell  was  by  all  his  many  asso- 
ciates on  the  boards  and  in  the  associations  of  which  he  was  a  member, 
yet  it  remained  for  those  who  knew  him  in  his  private  life  to  value 
him  at  his  true  and  sterling  worth  He  was  married  on  December 
3lBt,  1862,  to  Bachel  M.  Cornish,  of  Gillette,  New  Jersey,  and  had  five 
children,  all  of  whom  survive  him. 

Throughout  his  entire  life  Mr.  Howell  was  the  model  of  a  Christian 
gentleman,  thorough  and  conscientious  in  his  work,  honorable  in 
business  dealings,  and  singularly  courteous  and  winning  in  his  manners 
toward  all  with  whom  he  came  in  contact. 

Mr.  Howell  was  elected  a  Member  of  the  American  Societv  of  Civil 
Engineers  on  May  2d,  1888. 


1 
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ARTHUR  TOWNE  THOMAS,  M.  Am.  8oe.  C.  E> 

Died  Ootobeb  10th,  1900. 


Arthur  Towne  Thomas  was  born  in  the  Town  of  Stowe,  Vermont, 
on  August  30t]ti,  1862.  His  parents  were  Abijah  Towne  and  Clarissa 
Clayton  Thomas,  and  he  was  the  youngest  of  five  children,  of  whom 
three  were  boys.  His  education  was  obtained  at  the  district  school, 
with  one  year  in  the  high  school  in  his  native  town.  He  left  school  at 
the  age  of  17,  and  went  to  Minnesota  in  1880  to  begin  work  as  Chainman 
on  railroad  surveys.  In  March,  1881,  he  was  Transitman  on  the  St. 
Paul,  Minneapolis  and  Manitoba  Railway,  with  which  road  he  remained 
until  January,  1883,  being  engaged  on  surveys  and  as  Assistant  Engi- 
neer in  charge  of  construction. 

From  February,  1884,  until  March,  1888,  he  was  connected  with  the 
Minnesota  and  Northwestern  Railway  (now  the  Chicago  and  Great 
Western).  Beginning  as  Transitman,  he  was  advanced  to  the  position 
of  Division  Engineer,  having  charge  of  the  construction  of  numerous 
high  trestles  and  iron  bridges.  From  March,  1888,  to  March,  1889,  he 
was  in  charge  of  railway  terminals  and  dock  works  at  Superior,  Wis- 
consin. He  was  then  appointed  first  City  Engineer  of  Superior,  which 
office  he  held  until  March,  1900,  with  the  exception  of  four  years,  dur- 
ing which  he  was  engaged  as  Chief  Engineer  of  the  Superior  Water, 
Light  and  Power  Company  and  the  West  Duluth  Light  and  Water 
Company,  in  designing  and  constructing  water-works,  gas  and  electric 
light  stations.  Part  of  this  time  was  also  devoted  to  the  study  of  min- 
ing engineering  and  its  application  to  exploration  work  in  the  iron  and 
gold  fields  of  Northern  Minnesota  and  Ontario. 

Li  October,  1900,  while  he  was  Superintendent  of  the  Chippewa 
Copper  Mine,  at  Brule,  Wisconsin,  he  went  out  prospecting,  and,  not 
returning  when  expected,  search  was  made  and  his  body  found  in  the 
woods.  Upon  investigation,  it  was  found  that  he  had  been  shot,  the 
bullet  piercing  the  jugular  vein  and  spinal  cord.  By  means  of  the 
peculiar  bullet,  a  deer  hunter  was  discovered  who  acknowledged  that 
he  had  shot  Mr.  Thomas  accidentally  and  then  abandoned  the  body 
heartlessly. 

The  conscientious  attention  which  Mr.  Thomas  gave  to  his  work,  and 
his  faithful  performance  of  it,  together  with  his  earnest  desire  to 
accomplish  the  best  results  for  those  whose  interests  were  intrusted  to 
him,  gained  the  respect  and  friendship  of  all  who  knew  him. 

Mr.  Thomas  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  June  6th,  1894. 

♦  Memoir  prepared  by  George  L.  Wilson,  M.  Am.  Soc.  C.  E. 
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KENNETH  OAKE  PLUMMER  REINHOLDT,  Amoc.  M.  Am.  Soe.  C.  E. 


DiBD  Febbuabt  6th,  1902. 


Kenneth  Oake  Plnmmer  Beinholdt  was  bom  in  New  Castle,  Penn- 
sylvania, on  September  27th,  1866,  and  was  the  only  son  of  the  late  Dr. 
J.  B.  Reinholdt,  of  that  city.  His  earlier  education  was  received  in 
the  public  schools  of  New  Castle.  Later,  he  attended  Allegheny  Col- 
lege, at  Meadville,  Pennsylvania,  and  from  there  he  went  to  Bensse- 
laer  Polytechnic  Institute,  at  Troy,  New  York,  from  which  he  was 
graduated  in  June,  1890. 

In  the  following  year  he  was  employed  in  the  laboratory  of  the  steel 
plant  of  the  Phcenix  Iron  Company  in  Phoenixville,  Pennsylvania.  In 
December,  1891,  he  accepted  the  position  of  Inspector  of  lumber  and 
piles  with  the  Engineer  of  Construction  of  the  Central  Railroad  of  New 
Jersey,  and  in  March,  1892,  he  was  given  charge  of  the  construction 
of  the  terminal  pier  of  the  Navesink  Railroad,  at  Atlantic  Highlands, 
where  he  located  and  completed  the  station  buildings  for  the  main 
dock  and,  also,  all  necessary  sheds,  platforms,  trestles,  etc. 

He  continued  in  the  employ  of  the  Central  Railroad  of  New  Jersey, 
as  assistant  to  the  Engineer  of  Construction,  until  September,  1895. 
During  that  time  he  made  surveys  and  plans,  and  had  charge  of  the 
elimination  of  grade  crossings  at  Elizabeth,  Cranford  and  Bayonne. 
He  also  located  bridges  at  Freehold  and  Lorillard,  New  Jersey. 

In  September,  1895,  he  opened  an  office  in  New  Castle,  Pennsylva- 
nia, for  private  engineering  practice,  doing  general  city  and  country 
work.  He  designed  a  number  of  large  buildings,  and  was  recognized 
as  a  young  man  of  talent  in  more  lines  than  one.  He  had  considerable 
ability  as  an  artist,  and  had  a  fine  collection  of  drawings. 

In  June,  1896,  he  accepted  a  position  in  Pittsburg,  Pennsylvania, 
as  draftsman  with  the  Butler  and  Pittsburg  Railroad,  and,  later,  was 
made  Assistant  Engineer  of  the  Bessemer  and  Lake  Erie  Railroad,  a 
position  which  he  held  at  the  time  of  his  death. 

During  the  summer  of  1901,  while  in  Qreenville,  Pennsylvania, 
superintending  the  building  of  a  new  branch  of  the  railroad,  he  con- 
tracted a  severe  cold,  which  developed  into  tuberculosis.  His  health 
failed  rapidly,  and  in  the  early  winter  he  and  his  wife  left  for  Phoenix, 
Arizona,  in  hope  that  a  change  of  climat-e  would  restore  his  health. 
It  was  too  late,  however,  to  overcome  the  disease  which  was  under- 
mining his  constitution,  and  his  strength  waned  day  by  day  until  the 
end. 

Mr.  Reinholdt  was  characterized  by  great  faithfulness  to  all  details 
of  his  duties,  and  was  devoted  to  his  profession.  There  was  every 
indication  of  a  brilliant  career  for  him,  and  his  sudden  death  caused 
poignant  sorrow  to  his  many  friends.     He  was  a  young  man  of  upright 
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character,  and  possessed  a  manner  so  kind  that  he  was  alwajs  sur- 
rounded by  a  circle  of  admiring  friends.  In  Jnne,  1900,  Mr.  Bein- 
holdt  was  married  to  Miss  Belle  Paine,  of  Youngstown,  Ohio,  and  she 
and  an  infant  daughter  survive  to  mourn  their  irreparable  loss. 

Mr.  Beinholdt  was  elected  a  Junior  of  the  American  Society  of 
Civil  Engineers  on  February  6th,  1894,  and  an  Associate  Member  on 
October  7th,  1896. 
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MINUTBS  OF  MEETINGS. 


OF  THE  SOCIETY. 


December  3d,  190a. — The  meeting  was  called  to  order  at  8.45  p.  m., 
Tice-President  Haines  in  the  chair;  Chas.  Warren  Hunt,  Secretary; 
and  present,  also,  69  members  and  13  gnests. 

The  minntes  of  the  meetings  of  November  5th  and  19th,  1902,  were 
approved  as  printed  in  Proceedings  for  November,  1902. 

A  paper,  entitled  **  Virtual  Grades  for  Freight  Trains,"  by  A.  C. 
Dennis,  M.  Am.  Soo.  C.  E.,  was  presented  by  the  Secretary,  who  also 
read  a  communication  on  the  subject  from  B.  S.  Bandolph,  M.  Am.  Soc. 
O.  E.  The  paper  was  discussed  orally  by  Messrs.  S.  Maximoff,  F.  H. 
Hebblethwaite  and  the  author. 
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Ballots  for  membership  were  canvassed,  and  the  following  candi- 
dates were  elected : 

As  Membebs. 

Edwabd  Chesteb  Babnard,  Washington,  D.  G. 
Maubice  Wubtz  CooiiEY,  Boston,  Mass. 
BaijPH  Leb  Cbump,  Kansas  City,  Mo. 
Geoboe  Bobebt  Febquson,  New  York  City. 
Mabtin  Hughes  Gebby,  Jr.,  Helena,  Mont. 
WUiiiiAH  Chauncbt  HawiiEY,  Wilkinsburg,  Pa. 
EDinTNB  TatijOB  Pebkens,  Washington,  D.  C. 

As  Associate  Membebs. 

WiiiiiiAM  Hekby  Adet,  Cohoes,  N.  Y. 
Fbedebick  Aubyai98En,  Brooklyn,  N.  Y. 
Geoboe  Moboa^n  Bacon,  Salt  L^ke  City,  Utah. 
CHABiiEs  Edwin  Bbight,  Tuscaloosa,  Ala. 
Fbank  Chauncey  Fbench,  Davenport,  'Okla.  T. 
Lesteb  Bobinson  Giffobd,  Johnstown,  Pa. 
Fbank  AbnoijD  Hastinos,  Pittsburg,  Pa. 
William  Nelson  Hazen,  Baltimore,  Md. 
Abthtib  Hibst,  Pencoyd,  Pa. 
GiiABENCE  McKenzie  Lbwis,  Ncw  York  City. 
Thomas  Alexandeb  Boss,  Shanghai,  China. 
Edwabd  Db  Vob  Tompkins,  Brooklyn,  N.  Y. 
Edwabd  Dana  Wickes,  New  York  City. 

The  Secretary  announced  the  election  of  the  following  candidates 
by  the  Board  of  Direction,  on  December  2d,  1902: 

As  Associate. 
Stedman  Bent,  Overbrook,  Pa. 

As  JUNIOBS. 

WAiiiiACE  Edwabd  Belcheb,  Pencoyd,  Pa. 
Fbancis  Bigdon  Bebby,  Joplin,  Mo. 
Edwabd  Betts  Bbisley,  New  York  City. 
BoscoE  Bbadbuby  Jackson,  Ann  Arbor,  Mich. 
Fbancis  Joseph  Lynch,  New  York  City. 
BoYAii  John  Mansfield,  Pittsburg,  Pa. 
NEAii  AijBebt  MEiiiCK,  Ncw  York  City. 
Cabij  Julius  Schumann,  Troy,  N.  Y. 
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The  Secretary  annonnced  tlie  death  of  the  following  members: 

BoBEBT  Attwell  Wat,  elected  Member  June  7th,  1894;  died  in  April, 
1901. 

ChariiEB  Fletchkb  Hilucan,  elected  Member  July  5th,  1876;  died 
June  14th,  1902. 

Joseph  MiLiiEB  WhiSon,  elected  Member  April  2d,  1873;  died  Novem- 
ber 24th,  1902. 

Henby  MiTOHBiiii,  elected  Member  January  7th,  1880;  died  Decem- 
ber let,  1902. 

The  Secretary  announced  that  the  Annual  Convention  of  1903 
would  be  held  at  Asheville,  N.  C. ,  during  the  week  beginning  June 
8th,  1903. 

Adjourned. 

December  17th,  190a. — The  meeting  was  called  to  order  at  8.45  p.m.  , 
Emil  Kuichling,  Director,  Am.  Soc.  C.  E.,  in  the  chair;  Chaa.  Warren 
Hunt,  Secretary;  and  present,  also,  107  members  and  17  visitors. 

An  informal  discussion,  on  '*  The  Sanitary  Disposal  of  Municipal 
Refuse,"  was  opened  by  Budolph  Hering,  M.  Am.  Soc.  C.  E.  The 
subject  was  discussed  by  Messrs.  John  McG.  Woodbury,  H.  de  B. 
Parsons  and  W.  F.  Morse,  and  illustrated  with  lantern  slides. 

The  further  discussion  of  the  subject  was  postponed  until  the 
meeting  of  Jan  nary  7th,  1903. 

The  Secretary  announced  thafc  be  had  received  written  communis 
cations  on  the  subject  from  Messrs.  Charles  H.  HasweU  and  Elmer 
W.  Firth,  but  that  owing  to  the  postponement  of  the  discussion,  they 
would  be  presented  at  the  next  meeting. 

The  Secretary  announced  the  death  of  Charles  Edward  Henry 
Campbell,  elected  Member  October  3d,  1883;  died  December  6th, 
1902. 

Adjourned. 
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OP  THE  BOARD  OP  DIRECTION. 

(Abstract.) 

December  ad,  190a. — Vice-President  Haines  in  the  chair;  Chas. 
Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Briggs,  GroeS) 
Knap,  Kuiohling,  Osbom,  Pegram,  Schneider,  Seaman  and  Swain. 

Four  members  were  named  as  Members  of  the  Board  of  Award 
of  the  John  Fritz  Medal.* 

Upon  the  recommendation  of  a  Special  Committee  appointed  for 
the  purpose,  it  was  decided  that  the  next  Annual  Convention  of  the 
Society  be  held  at  Asheville,  N.  C,  during  the  week  beginning  June 
8th,  1903. 

A  Committee  of  Arrangements  for  the  Annual  Meeting  was  ap- 
pointed. 

Applications  for  membership  were  considered,  and  other  routine 
business  transacted. 

One  candidate  for  Associate  and  eight  for  Junior  were  elected.f 

Adjourned. 

•Seepage  846. 
t  See  page  848. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  U  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  off  July,  Thanksgiving  Day  and 
Christmas  Day. 

MBETINQS. 

Wednesday,  January  7th,  1903.-8 .30  p.  n.— A  regular  bnBmess 
meeting  will  be  held.  BaUots  for  membership  will  be  canyassed,  and 
the  dlBcnssion  on  the  topic  **  The  Sanitary  Disposal  of  Municipal 
Befnse,"  which  took  place  at  the  meeting  of  December  17th,  1902, 
will  be  continued. 

ANNUAL  MEBTINQ. 

The  Fiftieth  Annual  Meeting  will  be  held  at  the  Society  House, 
January  2l8t  and  22d,  1903.  The  Business  Meeting  will  be  caUed  to 
order  at  10  o'clock  on  Wednesday  morning.  The  annual  reports  will 
be  presented,  officers  for  the  ensuing  year  elected,  members  of  the 
l^ominating  Committee  appointed,  a  proposed  amendment  to  the  Con- 
stitution considered,  and  other  business  transacted. 

Arrangements  for  the  excursions  and  entertainments  have  been 

placed  in  the  hands  of  the  following  committee,  and  will  be  announced 

later: 

AiiFBED  Cbaten, 

W.  F.  Whtitemobe, 

Chas.  Warben  Hunt. 


ANNUAL  CONVENTION  OF  1903. 

The  Thirty-fifth  Annual  Convention  of  the  Society  will  be  held  at 
Asheville,  N.  C,  during  the  week  beginning  June  8th,  1903. 


NOMINATING  COMMITTEE, 

The  Constitution  provides  that,  at  the  Annual  Meeting  of  each 
year,  seven  Corporate  Members,  not  officers  of  the  Society,  one  from 
each  of  the  geographical  districts  into  which  the  Society  is  divided 
for  this  purpose,  shall  be  appointed  by  the  meeting  to  serve  for  two 
years. 

The  usual  blank  request  for  suggestions  as  to  representatives  of 
each  district,  for  presentation  to  the  meeting,  has  been  mailed  to 
Corporate  Members. 
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LOUISIANA  PURCHASE  EXPOSITION. 

The  Board  of  Direction,  at  its  meeting  on  Noyember  4tli,  1902, 
authorized  the  appointment  of  a  committee  to  take  up  the  question  of 
an  exhibit,  in  the  name  of  the  Society,  at  the  World's  Fair,  St.  Lonis, 
1904;  and  also  to  take  such  action  as  may  be  deemed  necessary  in  in- 
teresting members  of  the  Society  in  general  in  an  engineering  exhibit. 

The  committee  appointed  for  this  purpose  is  as  follows : 

BOBEBT  MOOBB, 

John  F.  WAiiiiACE, 
E.  KuicBiiiNa, 

MOBDECAI  T.  Ein>IGOTT, 

Edwabd  0.  Cabteb, 
WiLiiiAM  Jackson, 
James  L.  Fbazieb. 


THE  JOHN  FRITZ  MEDAL. 

The  Board  of  Direction,  in  accordance  with  the  terms  of  Clause  6  of 
the  following  rules  for  the  award  of  this  medal,  has  named  the  follow- 
ing members  of  the  Society  as  members  of  the  Board  of  Award : 

To  serve  one  year,    J.  James  B.  Groes. 
**      "    two  years,  Bobert  Moore. 
**      **    three   **      Alfred  Noble. 
**       **    four    **      Chas.  Warren  Hunt. 

OjUGiN  AND  Bulbs  fob  the  Awabd  of  the  John  Fbitz  Medal. 

(1)  The  John  Fritz  Medal  was  established  by  the  professional 
associates  and  friends  of  John  Fritz,  of  Bethlehem,  Pa.,  U.  S.  A., 
August  21st,  1902,  his  eightieth  birthday,  to  x>6rpetuate  the  memory 
of  his  achievements  in  industrial  progress. 

(2)  The  medal  shall  be  awarded  for  notable  scientific  or  industrial 
achievement.  There  shall  be  no  restriction  on  aecount  of  nationality 
or  sex. 

(3)  The  medal  shall  be  of  gold  (of ounces  weight  and 

fineness),  and  shall  be  accompanied  by  an  engraved  certificate, 

which  shall  recite  the  origin  of  the  medal,  and  the  specific  achieve* 
ment  for  which  the  award  is  made.  Such  certificate  shall  be  signed 
by  the  Chairman  and  the  Secretary  of  the  Board  of  Award. 

(4)  The  medal  may  be  awarded  annually,  but  not  oftener. 

(5)  No  award  of  the  medal  shall  be  made  to  any  one  whose  eligi- 
bility to  the  distinction  has  not  been  under  consideration  by  the  Board 
of  Award  for  at  least  one  year. 
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(6)  Awards  shall  be  made  by  a  Board  of  sixteen,  appointed  or 
chosen,  in  equal  numbers,  from  the  membership  of  the  four  National 
Societies:  The  American  Society  of  Civil  Engineers,  The  American 
Institute  of  Mining  Engineers,  The  American  Society  of  Mechanical 
Engineers,  and  the  American  Institute  of  Electrical  Engineers.  The 
goyerning  bodies  of  each  of  these  societies  shall  be  requested  to 
appoint  from  its  membership  one  representative  who  shall  hold  office 
for  one  year,  one  for  two  years,  one  for  three  years,  and  one  for  four 
years;  and  each  succeeding  year  to  appoint  one  member  to  serve  for 
four  years. 

(7)  In  case  of  failure  of  any  of  the  National  Societies  to  make  the 
original  appointments  as  requested,  the  selection  of  representatives 
from  its  membership  shall  be  made  by  those  appointed  from  the  other 
societies,  and  should  any  future  vacancy  occur  by  reason  of  the  failure 
of  any  of  the  said  societies  to  act,  or  otherwise,  such  vacancy  shall  be 
filled  by  the  Board  of  Award,  from  the  membership  of  the  Society  so 
failing. 

(8)  Should  one  or  more  of  the  four  National  Societies  go  out  of 
existence,  its  representation  on  the  Board  shall  cease  and  terminate, 
and  future  awards  shall  be  made  by  the  representatives  of  the  remain- 
ing societies. 

(9)  The  vote  of  the  Board  of  Award  shall  be  by  letter-ballot^ 
which  shall  be  canvassed  not  less  than  thirty  days  subsequent  to  its 
issue,  and  the  affirmative  votes  of  at  least  three-fourths  of  the  Board 
shall  be  necessary  for  an  award. 
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ACCESSIONS  TO  THE   LIBRARY. 

From  November  12tli  to  December  9th,  1902. 

DONATIONS.* 

THE  SCIENCE  OP  MECHANICS. 

A  Critical  and  Historical  Account  of  its  Development.     By  Dr. 

Ernst  Mach.     Translated  from  the  German  by  Thomas  J.  McCormack. 

Second  Revised  and  Enlarged  Edition.     Cloth,  8x6  ins.,  19  +  605 

pp.,  illus.     Chicago,  The  Open  Conrt  Publishing  Company,  1902. 

$2.00. 

The  preface  states  tiiat  the  present  volume  is  not  a  treatise  upcm  the  application  of 
the  principles  of  mechanics.  Its  aim  is  to  clear  up  ideas,  expose  the  real  signiflcanoe  of 
the  matter,  and  get  rid  of  metaphysical  ohscurities.  The  little  mathematics  it  contains 
is  merely  secondiary  to  this  purpose.  The  text  of  the  present  edition,  which  contains 
the  extensive  addiuons  made  by  the  author  to  the  latest  German  editions,  has  been 
thoroughly  revised  by  the  translator.    All  errors,  either  of  sulMtance  or  typography,  so 

the  translator's  notice,  have  been  removed,  and  in  many  caa 


far  as  they  have  conie  to 

the  phraseology  has  been  altered.  The  author^s  additions  have  beeo  relegated' to  the 
appendix,  first,  because  the  numerous  references  in  other  works  to  the  pages  of  the  first 
edition  thus  hold  good  for  the  present  edition  also,  and  secondly,  because  with  few  ex- 
ceptions the  additions  are  either  supplementary  in  character,  or  in  answer  to  criticisma 
The  Ck)ntents  are:  The  Development  of  the  Frinciples  of  Statics;  The  I>evelopment 
of  the  Principles  of  Dynamics;  Tne  Extended  Application  of  the  Principles  of  Mechanics 
and  the  Deductive  Development  of  the  Science:  The  Formal  Development  of  Mechanics; 
The  Relation  of  Mechanics  to  other  Departments  of  Knowledge.  There  is  an  index  of 
twelve  pages. 

FOWLER'S  MECHANICAL  ENGINEER'S  POCKET-BOOK  FOR  1903. 

Edited  by  William  H.  Fowler,  M.  Inst.  C.  E.,  M.  I.  Mech.  E.,  M. 

Iron  and  Steel  Inst.    Leather,  6x4  ins.,  441  pp.,   illns.     Scientific 

Publishing  Co. ,  Manchester.     2  shillings  6  pence. 

The  preface  states  that  in  the  present  edition  extensive  additions  and  emendations 
have  heen  made,  with  a  view  to  keep  it  fully  abreast  with  the  times.  Numerous  new 
tables,  calculated  to  help  the  engineer  in  his  daily  work,  have  been  included,  while  sub- 
stantiikl  additions  have  been  made  in  the  Hection  on  steam  boilers  and  engines,  embody- 
ing the  latest  information  available  respecting  recent  developments  in  connection  with 
superheating,  oil-burning,  water-tube  boilers,  etc.  Tlie  gas  eneine  section  has  also 
been  thoroughly  revised,  and  much  original  matter,  with  many  taUee,  is  here  published 
for  the  first  time.  With  a  field  so  wide  as  mechanical  engineering,  with  its  continual 
discoveries  and  ever-growing  experience,  anv  reference  book  oi  this  kind  must,  of 
necessity,  be  incomplete  in  some  directlonit.  'The  difficulty  is  to  make  a  selection  which 
will  meet  the  daily  requirements  of  the  average  engineer  without  being  inconvenient  or 
unwieldy.  This  is  the  object  the  author  has  kept  in  view,  and  he  trusts,  in  some  nieas> 
ure,  has  succeeded  in  fulfilling.    There  is  an  index  of  fifty-five  pages. 

GENERAL  SPECIFICATIONS  FOR  FOUNDATIONS  AND  SUPERSTRUCTURES 

Of  Highway  and  Electric  Bailway  Bridges.  By  Theodore  Cooper. 
Paper,  9}  X  7  ins.,  24  pp.,  13  plates.  The  Engineering  News  Pub- 
lishing Company,  New  York,  1902.     $1.00.     (Donated  by  the  Anthor.) 

The  author  states  in  the  preface  £hat  he  has  herewith  endeavored  to  illustrate  the 
more  common  forms  of  superstructures  and  foundations  suitable  for  highway  bridges, 
and  gives  the  required  proportions  for  all  ordimur  cases,  with  instructions  and  specifi- 
cations for  their  construction.  The  author  excludes  from  consideration  difficult  foun- 
dations in  deep  water,  or  those  requiring  pneumatic  or  other  special  appliances,  or 
works  of  such  expense  as  would  demand  especial  study  of  the  conditions  to  determine 
the  best  or  roost  economical  solution;  also  city  bridges  and  long-span  bridges,  where  a 
higher  and  more  elaborate  class  of  substructure  may  be  demanded  and  jusufled. 

THE  COAL  AND  METAL  MINERS*  POCKET-BOOK 

Of  Principles,  Bnles,  Formulas,  and  Tables.  Specially  Compiled 
and  Prepared  for  the  Convenient  Use  of  Mine  Officials,  Mining  Engineers, 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  to  the  Library  by 
the  Publisher. 
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and  Students  Preparing  Themselves  for  Certificates  of  Competency  as 

Mine  Inspectors  or  Mine  Foremen.     Seventh  Edition:  Revised  and 

^Enlarged,  with  Original  Matter.     Leather,  7x4  ins. ,  12  +  637  pp. , 

illns.     Scranton,  Pa.,  InternatioDal  Textbook  Company,  1902.    $3.00. 

(Donated  by  Mines  and  Minerals. ) 

The  preface  states  that  the  speedy  ejchaustion  of  the  sixth  edition  has  made  this . 
present  edition  necessary.  In  it  a  few  typofO*aphical  errors  in  the  previous  edition  have 
been  corrected,  all  departments  have  beeni  carefully  revised,  improved,  and  brought  up 
to  date,  and  considerable  new  matter  has  been  added.  The  giossarv,  which  contains 
About  8  600  words,  is  a  combination  of  all  mining  glossaries  extant  of  which  the  com- 
pilers could  hear.  The  Contents  are:  Weights  and  Measures:  Applied  Mechanics; 
Forms  of  Power;  Mining.    There  is  an  index  of  seventeen  pages. 

CITY  BENCH  MARKS,  HARTFORD,  CONN. 

Pnblished  by  Frederick  L.  Ford,  City  Engineer,  under  the  Direc- 
tions of  the  Board  of  Street  Commissioners.  Leather,  7  x  3^  ins. , 
95  pp.     Hartford,  1902.     (Donated  by  Frederick  L.  Ford.) 

The  preface  states  that  the  benches  contaiued  in  tills  book  were  established  by  the 
City  Engineer  during  the  years  1000  and  1901.  The  old  and  new  systems  should  corre- 
spond approximately,  both  being  referred  to  the  same  datum.  Iz  any  errors  between 
individual  benches  on  the  two  systems  exist,  they  are  due  to  changes  which  have  taken 
place  in  the  structures  upon  which  the  old  bencnes  were  establi^ed. 

RAILWAY  TRACK  AND  TRACK  WORK. 

By  £.  £.  Bnssell  Tratman,  M.  Am.  Soc.  C.  E.     Second  Edition. 

Cloth,  9x6  ins.,  4  +  471  -h  9  pp.,  illns.     New  York,  The  Engineering 

News  Publishing  Co.     $3.00.     (Donated  by  the  anthor.) 

The  present  edition  has  been  almost  entirely  rewritten  and  set  up  in  new  type. 
Since  1807,  many  changes  and  improvements  have  been  made  In  materials  and  methods, 
while,  with  the  general  progress  made  in  this  depaitment,  new  standards  have  been 
adopted,  and  theee  various  improvements  are  represented  in  the  revision.  Not  only  has 
the  Dook  been  thoroughly  revised,  but  many  new  Illustrations  have  been  made,  and 
additional  chapters  have  oeen  added  dealing  with  signals,  interlocking,  and  street-rail- 
way track.  The  tabJes  of  standard  track  construction  in  the  appendix  are  also  entirely 
new.  A  special  feature  of  the  book  is  that  it  includes  not  only  the  general  principles 
underlying  track  work,  and  the  systems  of  practice  which  are  everywhere  applicaole, 
but  also  Includes  numerous  individual  details  of  material,  appliances  and  work,  and 
m,ethod8  of  practice,  which  vary  on  different  railways  and  in  different  sections  of  the 
country.  It  has  been  the  author^s  special  aim  to  present  drawings  and  details  of 
materials  and  methods,  representing  varied  and  actual  nractice,  and  to  show  their  good 
and  bad  features,  as  wdl  as  the  reasons  for  their  use.  The  chapter  headings  are:  Intro- 
duction; Roadbed  Construction;  Ballast;  Ties  and  Tie-Plates;  Rails;  Rail  Fastenings  and 
Rail-Joints;  Switches,  Frogs  and  Switchboards;  Fences  and  Cattle-Guards;  Bridge 
Floors  and  Grade  Crossings;  Track  Signs;  Tanks  and  Other  Track  Accessories;  Sidings, 
Yards  and  Terminals;  Track  Tools  and  Supplies;  Signals  and  Interlocking;  Street  Rail- 
way Track;  Organization  of  Maintenance-of-Way  Department;  Track-laying  and 
Ballasting;  Drainage  and  Ditching;  Track  Work  for  Maintenance;  Gage,  Grades  and 
Curves:  Track  Inspection  and  the  Premium  System;  Switch  Work  and  Turnouts; 
Bridge  Work  and  Telegraph  Work;  Permanent  Improvements  and  Work  Trains:  Hand- 
ling and  Cleaning  Snow;  Wrecking  Trains  and  Operations;  Records,  Reports,  and 
Accounts;  Table  of  Standard  Track  Construction  on  50  Railways;  Table  of  Train  Speeds 
and  Distances  Run.    There  is  an  index  of  nine  pages. 

STBREOTOMY. 

By  Arthur  W.  French,  Assoc.  M.  Am.  Soc.  C.  E.,  and  Howard  C. 

Ives,  Jnn.  Am.  Soc.  C.  E.     Cloth,  9x6  ins.,  7  -|-  115  pp  ,  iUns.     New 

York,  John  Wiley  &  Sons,  1902.     $2.50. 

It  is  believed  by  the  authors  that,  for  some  time,  there  has  been  a  need  for  a  text- 
book on  stereotomy  which  should  furnish,  in  addition  to  the  exercises  in  projections 
now  given  bv  a  number  of  works,  practical  examples  of  modem  masonry  structures, 
directions  for  the  preparation  of  drawings  which  are  made  daily  by  engineers  and 
architects,  and  more  of  the  practical  detail  of  building  stone  masonry.  No  claim  is 
made  for  originality  in  the  text,  the  aim  of  the  authors  having  been  to  select  matter 
from  older  works,  to  condense  where  possible,  add  explanations  where  it  was  deemed 
necessary,  and  to  bring  together  matter  which  has  been  found  scattered  through  many 
works.  The  chapter  headmgs  are:  Definitions  and  Classifications;  Stone-Cutting; 
Flane-Sided  Structures;  Structures  ContainlDg  Developable  Surfaces;  The  Oblique  or 
Skew  Arch;  Other  Problems.    There  is  an  index  of  three  pages. 
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Gifts  have  also  been  received  from  the  following : 


1  bound  vol. 
1  bound  vol.,  17 


Am.  Electrochemical  Soc. 

Am.  Soc.  of  Mech.  Engrs. 
pam. 

Ariz.  A^i.  Exper.  Station.    1  pam. 

Baltimore  &  Gaio  B.  B.  Co.    1  nam. 

Baltunore,  Chesapeake  &    Atlantic    By. 
Co.    4  pam. 

Diddle,  John.    1  pam. 

Briggs,  J.  A.    1  no. 

Chtcatro,  111.— Mayor.    1  bound  vol. 

Colo.  AsTi.  Exper.  Station.    8  pam. 

Comwell,  B.  F.    1  pam. 

Corthell,  E.  L.    1  pam. 

Croes,  J.  Jas.  B.    1  pam. 

France— Minist^rA  des  Travaux  Publics.    1 
vol. 

Glasgow  International  Eng.  Congress.    1 
bound  vol. 

Great  Britain— Patent  Office.    10  pam. 

Hale,  G.  W.    1  pam. 

Henderson,  J.  B.    1  pam. 

India— Director  of  By.   Construction.    8 
pam. 

Inst,  of  Engrs.  and  Shipbuilders  in  Scot- 
land.   1  bound  vol. 

Johnson,  L.  J.    1  pam. 

Long  Island  B.  B.  Co.   1  pam. 


McEim,  Alex.  Bice.    1  vol. 

McMinn,  T.  J.    1  pam. 

Madras,    India— Pub.   Works     Dept.       1 

pam. 
Minneapolis  &  St.  Louis  B.  B.  Co.    1  pam. 
Norfolk,  Va.— Water  Coronors .    1  pam. 
North  of  England  Inst,  of  Min.  and  Mech. 

Engrs.    1  pam. 
Paine,  Charles.    1  pam. 
Parsons,  W.  B.    1  vol. 
Poor,  H.  V.  &  H.  W     1  bound  voL 

guebec  &  Lake  St.  John  By.  Co.    5  panL 
oyal  Philosophical  Soc.  of  Glasgow.    1 

vol. 
San  Francisco,  Cal.— Board  of  Supervison. 

1  bound  vol. 
Santa  F6,  Prescott  &  Phoenix  By.  Co.    1 

pam. 
Thompson,  Bobt.  A    1  pam. 
Union  Pacific  B.  B.  Co.    1  pam. 
U.  S.  Coast  and  Gteodetic  Surv.    1  bound 

vol. 
U.  S.  Commr.  of  Navigation.    1  bound  vol. 
U.  8.  Corps  of  Engrs.    98  specif. 
U.  S.  Sur^on  General.    1  vol. 
WaddeU,  John.    1  pam. 
Webster,  Geoige  S.    1  bound  vol. 


BY  PURCHASE, 

La  Navigation  Sous-Marinea  travers  les  Siecles,  d'apres  de  Nom- 

brenx  Documents  In^dits.  Par  Maurice  Delpench.  Paris,  Felii 
Juven. 

Le  Scapliandre.  Son  Emploi.  Par  M.  Dibos.  Paris,  Ganthier- 
Villars. 

Qnindriss   der   Electrotechnik  fur   den   praktischen   Qebrauch, 

fiir  Studierende  der  Electrotechnik  und  zum  Selbststndium.  Yer- 
fasst  von  Heinrich  Eratzort.  Vol.  2,  Pts.  2-5.  Leipzig  nnd  Wien, 
Franz  Denticke.  1902. 

Die  Telegrapliie  oline  Draht.  Von  Adolf  Prasch.  Wien,  Pest, 
Leipzig,  A.  Hartleben,  1902. 

Die  Qeschichte  des  Eisens  In  technlsclierund  Iculturgeschichtllcher 

Beziehnng.  Yon  Ludwig  Beck.  YoL  5,  Pt.  7.  Braunschweig, 
Friedrich  Yieweg  und  Sohn,  1902. 

Report  of  tlie  Cliief  Signal  Officer  of  tlie  Army,  1872,  75-80,  '8^- 
92.     Washington,  Government  Printing  Office,  1872-93. 

American  Industrial  Conditions *and  Competition.  Reports  of  the 
Commissioners  Appointed  bv  the  British  Iron  Trade  Association  to 
Enquire  into  the  Iron,  Steel  and  Allied  Industries  of  the  United 
States.  Edited  bj  J.  Stephen  Jeans.  London,  British  L*on  Trade 
Association,  1902. 

Handbucli  der  ingenieurwlssenschaften.  YoL  5,  Pt.  7.  Leipzig, 
Wilhelm  Engelmann,  1902. 

Duncan's  Manual  of  Tramways,  Omnibuses  and  Electri<^  Railways 

of  the  United  Kingdom  and  the  Foreign  and  Colonial  Companies  that 
are  Beglsterei  in  England,  Shewing  the  Dates  of  Incorporation,  and 
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where  Fixed  and  Ascertainable,  the  Dates  at  which  their  Leases  or 
Concessions  Terminate,  with  Abstracts  of  Accounts,  Directory  of 
Directors,  Officials,  Firms  and  Individuals  Connected  therewith,  and 
Bxtract  of  Tramways  Act  and  Bye-Laws — Board  of  Trade  and  Metro- 
politan. Twenty-Fifth  Edition.  London,  T.  J.  Whiting  &  Sons, 
Limited,  1902. 


SUMMARY  OF  ACCESSIONS. 

From  November  12th  to  December  9th,  1902. 

Donations  (including  1   duplicate  and  1  number  com- 
pleting volume  of  periodical) 116 

By  Purchase 28 

Total 144 
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MEMBERSHIP. 


ADDITIONS. 


CBxniP,  Baxph  Lie  Membership. 

Keith  and  Perry  Bldg.,  Kansas  City,  Mo Dec  3,  1902 

Febottbon,  Gbobge  Bobkbt 

ABSt.   Engr.,   Dept.  of  Bridges,   1215    Park    Bow    Bldg., 

New  York  City Deo.  3,  1902 

Hawi<kt,  Whjjam  Ghauncxt  ^Jnn.  Oct,  1,  1S90 

Ghf.    Engr.    and    Gen.    Snpt.,     Pennsylyania  j  Absoc.  M.      Apr.  6,  1892 
Water  Co.,  701  Wood  St.,  Wilkinsbnrg,  Pa...  '  H.  Deo.  3,  1902 

Hough,  Ultssbb  B 

Mech.  Engr.,  Bunker  Hill  k  Snllivan  Mining  k,  Concentra- 
ting Co.,  Kellogg,  Idaho Not.  5,  1902 

Klubobih  Chablbb  Hbmbt 

Chf.  Engr.,  Oahn  By.  &  Land  Co.;  Hilo  B.  B.  Co.,  P.  O.  Box 

796,  Honolnln,  Hawaiian  Islands Oct.  1,  1902 

West,  Chables  Huktbb 

Chf.  Engr.,  Mississippi  Levee  Dist,  Qreenville,  Miss Oct.  1,  1902 


ASSOdATE  HEMBEBS. 

Adet,  WiiiLiAM  Henbt  j  Jan.  Feb.  4,  1896 

181  MainSt.,  Cohoes,  N.  T..   :...  |  Assoc.  M.      Dec.  3,  1902 

Davis,  Fbed  Butus 

Bes.  Engr.,  Indiana  Branch,  Buffalo,  Bochester  &  Pittsburg 

By.  Co.,  Juneau,  Pa Nov.  6,  1902 

DuFOUB,  Fbams  Ouveb  / 

Prof,  of  Civ.   Eng.,  Univ.  of  Cincinnati,  Cin-J  Jon.  Dec.  5.  1899 

cinnati,  Ohio  ( Assoc.  M.      Oct.  1,  1902 

GiTFOBD,  LeSTEB  ROBINSON 

Office  of  Structural  Engr.,  Cambria  Steel  Co.,   (  Jun.  Mar.  3,  1896 

Johnstown,  Pa 1  Assoc.  M.    Dec.  3,  1902 

Gbiswold,  Bat  Elliott 

Care,  Barber  Asphalt  Paving  Co.,  11  Broadway,  New  York 

City Oct.  1,  1902 

Hastings,  FbansAbmold 

21  Mawhinney  St.,  Pittsburg,  Pa Dec.  3,  1902 

HiBST,  Abthub 

Asst.  En^r.,  Eng.  Dept.,  American  Bridge  Co.,  163  Harvey 

St. ,  Wissahickon,  Philadelphia,  Pa Dec.  3,  1902 

Lake,  Edwin  Gbant 

AsBt.  Div.  Engr.,  B.  &,  O.  B.  B.,  Cumberland,  Md Jan.  8, 1902 

Lewis,  Clabencb  MoKenzib 

Care,  Wm.  Solomon  &  Co.,  25  Broad  St.,  New  York  City. . .     Dec.  3,  1902 
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Date  of 
Membership. 

LirvKBMOBE,  NoBMAN  Banks  |  Jud.  Dec.  6,  1899 

320  Sanaome  St.,  San  Franoisco,  Gal |  Assoc.  M.       Oct.  1.  1902 

PKMOrF,  JOXL  JUK 

Asst.  Engr.,  Dept.  of  Docks  and  Ferries,    Pier  A,   North 

River,  New  York  City. Nov.  5,  1902 

Rambbt,  Ebicdmd  Patton 

Aeet.  Engr     Ist  Dir..   Bapid  Tr-^it  R.  E.  ,  j^  ^^^        ^^^ 

Oomm.  (Kes..  11  Flushing  Ave.,  Brooklyn),  |  ^^^  ^      ^^   ^    ^^ 

A88O0IATB. 

BsNT,  Stidman 

Pnrchasing  Agt.,  The  Penna.  Steel  Co.,  Overbrook,  Mont- 
gomery Co.,  Pa , Dec.  2,  1902 

JUNIORS. 
ASMBTBONO,  AliSXANDKB  FlOYD 

Bianila,  Philippine  Islands Oct.  7,  1902 

Bbiblxt,  Edwabd  Bbtts 

Ghf.  Engr's  Office,  Manhattan  By.  Co.,  102  West  75th  St., 

New  York  City Deo.  2,  1902 

Bebbt,  Francis  Biodon 

Care,  Water  Co.,  Birmingham,  Ala Dec.  2,  1902 

Jaoxson,  Boscob  Bbadbuby 

Asst.  to  Dean,  Dept.  of  Eng.,  Univ.  of  Mich.,  607  Hill  St., 

Ann  Arbor,  Mich Deo.  2,  1902 

Mansfibld,  BoTAii  John 

7724  Hamilton  Ave.,  Pittsburg,  Pa Dec.  2,  1902 

Mxuck,  Neal  Axbbbt 

Boom  512,  Grand  Central  Station,  New  York  City Deo.  2,  1902 

Obtiz,  Eduabdo 

P.  O.  Box  2020,  City  of  Mexico,  Mexico Nov.  4,  1902 

Pabkeb,  Bichabd  Dbnnt 

Asst.  Engr.,  I.  &  G.  N.  B.  B.,  Palestine,  Tex June  3,  1902 

Pbootob,  Balph  Fxnno 

U.  S.  Junior  Engr.,  Campau  Bldg.,  Detroit,  Mich June  3,  1902 

Bhbtt,  Edmund  Moobb 

1st  Lieut.,  Corps  of  Engrs.,  U.  S.  A.,.  Washington  Barracks, 

D.  C Nov.  4,  1902 

Schumann,  Carl  Juuus 

3  Union  PL,  Troy,  N.  Y Dec.  2,  1902 

Wbavxb,  Fbank  Maubiob 

1813  North  16th  St.,  Philadelphia,  Pa Nov.  4,  1902 

DEATHS. 

Cahpbbll,  Chablbs  Edwabd  Hbnbt Elected   Member    October   3d,    1883; 

died  December  6tb,  1902. 
Davis,  John  Woodbbidoe Elected  Associate  June  3d,  1885;  died 

November  7th,  1902. 
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Hn.TiMA-W,  Chableb  FiiETOHBB Elected  Member  July  5tb,  1876;  died 

Jane  Uth,  1902. 
MircHXLL,  HsNBT Elected  Member  January  7th,   1880; 

died  December  Ist,  1902. 
Wat,  Bobebt  Attweix Elected  Member  Jnne  7th,  1893;  died 

April,  1901. 
Wilson,  Jobeph  Milleb Elected  Member  April  2d,  1873;  died 

November  24th,  1902. 
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MONTHLY  LIST  OF   RECENT  ENQINEERINQ   ARTICLES  OF 

INTEREST. 

(NoTember  12th  to  December  9th,  1902.) 

Note. — 7%m  lUi  is  published /or  the  purpose  of  placing  be/ore  the  members 

of  the  Society  the  titles  of  current  engineering  articles^  which  am  be  referred 

to  in  any  available  engineering  library ^  or  can  he  procured  by  addressing 

the  publication    directly,    the    address    and  price  being   given  wherever 

possible. 

UST  OP  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre^ 
fixed  to  each  journal  in  this  list, 

(31)  Annates  de  V  Assoc,  des  Ing.  Sortis 
des  Ec&U  SpiciaUs  de  Oand^  Brus- 
sels, Belfrlum. 

(3a)  Mimoires  et  Compte  Rendu  des  Tra- 
mux,  Soc.  loflr.  Civ.  de  France. 
Paris,  France. 

(33)  Le  G4nie  Ctvti.  Paris,  France. 

(34)  Forte/euille  JSconomique  des  Ma- 
chines^ Paris,  France. 

(35)  Nouvelies  Annates  de  la  Construc- 
tion^ Paris,  France. 

(36)  La  Revue  Tecknique^  Paris,  France. 


(1)  Journal,  Assoc.  Eng.  Soc,  267  South 
Fourth  Sfc.,  Philadelphia,  Fa.,  aOc. 


(a)  Proceedings,  Enir.  Club  of  Phila.,  112S 

Girard  St.,  Phi " 

mmal,   Frank 
phia.  Pa..  60c. 


inas, 
Girard  St.,  Philadelphia,  Pa. 
(3)  Journal,   Franklin    Inst.,    Philadel 


(4)  Journal^  Western  Soc.  of  Ehigrs.,  Mo- 

nadnock  Block,  Chicago,  111. 

(5)  Transactions,  Can.  Soc.  C.  E.,  Mon- 

treal. Que.,  Canada. 

(6)  School  of  Mines  Quarterly,  Columbia 

Univ.,  New  York  City,  60c. 

(7)  Technology   Quarterly,   Blass.    Inst. 

Tech.,  Boston,  Mass.,  76c. 

(8)  Stevens  Institute  Indicator,  Stevens 

Inst.,  Hoboken,  N.  J.,  50c. 

(9)  Engineering  Magazine,   New   York 

City,  a6c. 

(10)  Cassier's  Magazine,  New  York  City, 

26c. 

(11)  Engineering  (London),  W.  H.  Wiley, 

New  York  City,  26c. 
Oa)  The  ^iMn'neer  (London),  International 
News  Co.,  New  York  Citv,  86c. 

(13)  Engineering  News,  New  York  City, 

16c. 

(14)  The  Engineering  Record,  New  York 

City,  12c. 
(13)  Railroad  Gazette,  New  York  City, 
10c. 

(16)  Engineering  and    Mining  Journal, 

New  York  City,  16c. 

(17)  Street  Railway  Journal,  New  York 

City,  86c. 

(iS)  Railufay  and  Engineering  Review, 
Chicairo,  ill.,  10c. 

410)  Scientific  American  Supplement,  New 
York  CItv,  10c. 

(ao)  Iron  Age,  New  York  City,  10c. 

(a I)  RaUway  Engineer,  London,  Eng- 
land, 25c. 

<aa)  Iron  and  Coal  Trades  Review,  Lon- 
don, Entrland,  25c. 

(a3)  Bulletin,  American  Iron  and  Steel 
ASSOC.,  Philadelphia,  Pa. 

(a4)  American  Oas  Light  Journal,  New 
York  City,  10c. 

(aa)  American  iCngineer,  New  York  City, 
20c. 

(a6)  Electrical  Review,  London,  England. 

(a7)  Electrical  World  and  Engineer,  New 
York  City,  10c. 

(aS)  Journal,  New  Enirland  Water- Works 
Assoc.,  Boston,  $1. 

(ap)  Journal,  Society  of  Arts,  London. 
England,  15c. 

(30)  Annales  des  Trava%ix  Publics  de 
Belgique,  BrusseJs,  Belgium. 


(37)  Revue  de  Micanique,  Paris,  France. 

(38)  Revue  Oinirale  des  Chemins  de  Fer 

et  des  Tramways,  Paris,  France. 

(39)  Railway  Master  Mechanic,  Chicago, 

III.,  liJc. 

(40)  Railway  Age,  Chicago,  111.,  10c. 

(4 1 )  Modem  Machinery, Chicas^,  111. ,  10c. 
Ua)  Transactions,  Am. Inst.  Elec.  Engrs., 

New  York  Citv,  50c. 

(43)  Annales    des    Ponts   et    Chaussies, 

Paris,  France. 

(44)  Journal,    Military  Service    Institu- 

tion, Govemor*8  Island,  New  York 
Harbor,  60c. 

(45)  Mines  and  Minerals,  Scranton,  Pa., 

£0c. 

(46)  Scientific  American,  New  York  City, 

8c 

(47)  Mechanical  Engineer,    Manchester, 

England. 
(54)  Transactions,  Am.  Soc.  C.  E.,  New 

York  City,  $6. 
(88)  Transactions,  Am.  Soc.  M.  E.,  New 

York  City,  $10. 
(s6)  Transactions,  Am.  Inst.  Min.  Engrs  , 

New  York  City,  86. 


(57)  Colliery  Guardian,  London,  England. 
~toreedings,  Eng.   Soc.    W.  Pa.,  410 
Penn  Ave.,  Pittsburg,  Pa.,  50c. 


(87) 
(8«) 

(59)  Transactions,  Mining  Inst,  of  Scot 

land,  London  and  Newcastle-upon- 
T^e. 

(60)  Municipal    Ehigineering,    Indianap- 

olis, Ind.,  26c. 

(61)  Proceedings,  Western  Railway  Club, 

226  Dearborn  St.,  Chicago,  III.,  26c. 
(6a)  American   Manuja^iturer  and  Iron 
World,  69  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  K., 

London,  England. 

(64)  Power,  New  York  City,  20c. 

(65)  Official  Proceedings,  slew  YoT\i 'Raw - 


road  Club,  Brooklyn,  N.  Y.,  15c. 

of  Gas   LiQ 
England,  I5c. 


(66)  Journal   of  Gas   Lighting,  London. 


(67)  Cement  and  Ehigineering  News,  Chi- 

cago, HI..  26c. 

(68)  Mining  Journal,  London,  England. 
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LIST  OF  ARTICLES. 
Bridge. 

Double  Deck  Bridge  Cor  P.,  F.  W.  &  C.  Ry.  Crossing  the  Allegheny  River  at  Pittsburgh, 

Pa.    E.  A.  Amaden.  (58)  Oct. 
Waterproof  Wrapping  for  the  Cables  of  the  New  East  River  Bridge.*    Wilhelm  Hflden- 

brand,  M.  Am.  80c.  C.  E.    (13)  Nov.  18. 
Rolling  Lift  Bridges.   Waldon  Fawoett.  (6a)  Nov.  18. 
The  Fire  on  the  New  York  Tower  of  the  New  Bast  River  Bridge.*  113)  Nov.  18;  (ao) 

Nov.  18:  (46)  Nov.  22. 
Impact  and  Fatigue  in  Railway  Bridges.*    J.  Graham.  M.  Inst.  C.  E.  (la)  Nov.  14. 
The  Fire  on  the  New  East  River  Bridge.*    ( 14 )  Nov.  15. 

Some  Interesting  Long  Span  Bridges  now  under  Construction.*    (13)  Nov.  20. 
A  128-Ft.  Wooden  Swing  Bridge  over  Bamegat  Bay,  Mantoloking,  Ocean  County,  N.  J.* 

Franklin  Van  Winkle.    (13)  Nov.  27. 

BlectrtcaL 

Electricity  in  Cotton  MiUs.*    W.  B.  Smith  Whaley.    (xs)  VoL  zxiU. 

Recent  Construction  at  the  Atlantic  Avenue  Station  01  the  Edison  Electric  lUuminating 

Company  of  Boston.*    I.  E.  Moultrop  and  R.  E.  Curtis.    (55)  Vol.  xxlii. 
Some  Details  of  Direct-Connected  Generator  Sets.    William  U.  Bryan.  (55)  Vol.  zxiii. 

mnA.1  RATMirf.  nf  C*nmmit.t^^  nn  RtAnritLrtH9Ji.HnTk  nf  TCncpfnAa  A.nH    rVimamrm  *      Am.  flnc.  of 


Mech.  Ennrs.    (55 )  Vol.  zxiLi. 
The  Military  Cable  System  of  the  Philippines.*    Edgar  Russel.  (4a;  Oct. 
The  Reasons  for  the  Change  of  the  Navy  Standard  Voltage  from  80  to  125.    W.  V.  M. 

Powelson.    (4a)  Oct. 
Wireless  Telegraphy— United  States  Navy.*    A.  M.  Beecher.    (43)  Oct. 
Electricity  in  Permanent  Seacoast  Defenses.*    Oaorge  W.  Goethals.  (4a)  Oct. 
Submarine  Cable  Testing  in  the  Signal  Corps,  U.  S.  Army.  Townsend  wolcott.  (4a)  Oct. 
The  Leeds  Electricity  works  Extensions.*    ( a6 )  Nov.  7. 

Practical  Dynamo  and  Motor  Testing.    Charles  F.  Smith.    (47)  Serial  beginning  Nov.  8. 
The  Midland  Electric  Power  Station.*    (11)  Nov.  14. 
Electric  Lighting  and  Traction  in  Wallasey.*    ( a6)  Nov.  14. 
Design  of  Continuous  Current  Dynamos.    Henry  A.  Mavor.  (Paper  read  before  the 

Hist,  of  Elec.  Engrs.)  (47)  Nov.  15  ;  (26)  Serial  beginning  Nov.  26. 
Electrical  Equipment  of  the  Michigan  Lake  Superior  Power  Company's  Plant  at  Sault 

Ste.  Marie.*    (37;  Nov.  15. 
A  50  000- Volt  Electric  Transmission  System;  Missouri  River  Power  System.*  (a6)  Nov.  21. 
A  Study  of  Electrical  Developments.  Valentine  Ryan.    (a6)  Serial  beginning  Nov.  21. 
The  Care  of  Dynamos  and  Motors.    F.  J.  A.  Matthews.    (47)  Nov.  22. 
Leeds,  England,  Central  Station.*    (a7}  Nov.  22. 

Exposure  of  Pipes  to  Escaping  Currents  from  Tram  Rails.  (66)  Nov.  26. 
Electric  Power  in  Modem  Rolling  Mills  and  Steel  Works.*    Frank  C.  Perkins.    (6a) 

Nov.  27. 
A  Method  of  Determining  the  Efficiency  of  Dynamos.    J.  R.  Ashworth.  (a6)  Nov.  28. 
Wireless  Telegraphy  in  France.*  E.  Quarini.  (a6)  Serial  beginning  Nov.  28. 
The  Randolph  Street  Sub-station  and  the  Development  of  tne  Chicago  Edison  System.* 

(a7)Nov.29. 
Water  Power  in  Electrical  Supply.    Alton  D.  Adams.  (10)  Dec. 
Care  of  Dynamos  and  Motor8>    Walter  M.  HoUis.  (45)  Dec. 
Equipment  and  Operation  of  Municipal  Eleutric  Light  Plants  in  Massachusetts.    Alton 

D.  Adams.  (60I  Dec. 
Power  from  Lake  Superior:  Electricity  from  the  Rapids  at  Sault  Ste.  Marie,  Michigan, 

U.  S.  A.*    H.  Von  SchOn.  (10)  Dec. 
Telephone  Cables.*    Arthur  V.  Abbott,  (ay)  Serial  beginning  Dec.  6. 
The  Development  of  the  Fort  Wayne  Telephone  Company's  Exchange.*    (ay)  Dec.  6. 
Note  sur  le  C^plage  des  Alternateurs.*    L.  Martin.    (30)  Nov.  10. 
Usine  Hydro- Electrique  de  Champ  (Isdre).*    A.  Dumas.    (33)  Nov.  22. 

Marine. 

Electricity  in  the  Navy.*    Harry  George.    (4a)  Oct. 

Electricity  in  the  Navy.    Walter  M.  McFarland.    (4a)  Oct. 

U.  S.  Armoured  Cruisers  TenneMee  and  Wathington.    ( la)  Nov.  14. 

The  United  States  Battleships  Con7i«cf iciif  and  Louinana.*    (ao)  Nov.  27. 

Probable  Future  Developments  in  the  Use  of  Electricity  on  Board  Ships,    (ay)  Nov.  20. 

Electrical  Steerine-Gear  on  the  Finland*    (27)  Nov.  29. 

Remarks  on  the  New  Designs  of  Naval  Vessels.    Francis  T.  Bowles.    ( Abstract  of  paper 

read  before  the  Soc.  of  Naval  Archts.  and  Marine  Engrs. )    <  13)  Dec.  4. 
The  Water-Tube  Boiler  in  the  American  Mercantile   Marine.    William  A.  Fairbum. 

(Paper  read  before  the  Soc.  of  Naval  Archts.  and  Marine  Engrs.)    ^13)  Nov.  27; 

(15)  Dec.  5. 
Vapeur  Fluvial  &  Roues  le  BorgniJi-Deshordes :  Notes  sur  la  Construction  et  R^sultats 

des  Experiences  &  Greenock.    Ch.  Verrier.    (3a)  Sept. 
Le  Lancement  du  Kaiser  Wilhelm  II*    J.  Bousquet.    (33)  Nov.  8. 

Mechanical. 

Some  Peculiarities  of  Springs:  A  Spring  Testing  Machine.*    (55)  Vol.  xxlii. 
Tests  of  Steam  Pipe  Coverings.*    Geo.  H.  Barrus.    (55)  Vol.  xxlii. 

*  Dlustrated. 
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Mcchaaical— Continued . 

A  Oraphlcal  Determination  of  Piston  Acceleration.*    J.  N.  Le  Conte.    (s$)  Vol.  xxiil. 
A  Method  of  Determining  the  Temperature  of  Exhaust  Gases.*    B.  H.  Femald.    (55) 

Vol.  XX  ill. 
Working  Details  of  a  Gas  Engine  Test.*    R.  H.  Fernald.    («5)  Vol.  xxiil. 
A  Boiler  Extensometer.*    Gus.  C.  Hennlng.    (Kg)  Vol.  xzm. 
A  Proposed  Standard  for  Machine  Screw  Thread  Sizes.*    Charles  C.  Tyler.     (55) 


Vol.  xxiU. 
Specifications  for  Steel  Forgings.  Steel  Castings  and  Steel  BoUer  Plates.*   William  B. 

Webster.    (55)  Vol.  xxiil. 
Final  Beport  of  Committee  on  Standardization  of  Engines  and  Dynamos.*    Am.  Soc. 

of  Mech.  Engrs.    (55)  Vol.  xxiil. 
Report  and  Supplementanr  Report  of  the  Committee  on  Standard  Pipe  Unions.*    Am. 

Soc.  of  Mech.  Engrs.    (55)  Vol.  xxiil. 


Working  Loads  for  Haanila  Rope.    C.  W.  Hunt,    (jix)  Vol.  xxiil. 

A  Silent  Chain  Gear.*    J.  O.  Nixon.    (5s)  Vol.  xxfll. 

The   "Potter"   Menh  Separater  and  Superheater.*     Frederick  A.   Scheffler.     (55) 

Vol.  xxUl. 
The  Flying  Shear.*    V.  E.  Edwards,    (ss)  Vol.  xxiil. 
A  SwiveUmg  Joint  for  a  Slxteen-Inch  High  Pressure  Steam  Main.*     B.  E.  Curtis,    (be) 

Vol.  xrfl. 


Liquid  Fuel  Combustion.*    Charles  E.  Lucke  and  B.  H.  Fernald.    (5s)  Vol.  xxlli. 

Improved  Indicator  Cock  for  Engines.*    Albert  K.  Mansfield.    (55)  Vol.  xxiil. 

Some  Details  of  iJirect- Connected  Generator  Sets.    William  H.  Bryan.     (55)  Vol.  xxiil. 


Elevator  Safeties.*    Charles  R.  Pratt.    (55)  Vol.  xxlll. 

.*    J.  D.  Riggs.    (saJ 
Recent  Construction  at  the  Atlantic  Avenue  Station  of  the  Edison  Electric  Illuminating 


Cold  Working  Sheet  Metal  in  Dies.*    J.  D.  Biggs.    (5s)  Vol.  xxiil. 


Company  of  Boston.*    I.  E.  Moultropand  R.  E.  Curtis.    (55)  Vol.  xxiil. 
A  New  valve  Gfrear  for  Gas,  Steam  and  Air  Engines.*    Ernest  W.  Naylor.    (55)  Vol. 

xxiil. 
The  Bursting  of  Small  Cast-Iron  Fly- Wheels.*    Charles  H.  Benjamin,     (ms)  Vol.  xxiil. 
An  Experiment  on  the  Effect  of  Clearance  on  the  ESconomy  of  a  Small  Steam  Engine.* 

Albert  Kingsbury.    (55)  Vol.  xxiil. 
The  Heat-Engine  Problem.*    Charles  E.  Lucke.    (55)  Vol.  xxiil. 
Experiments  on  Spiral  Springs.    Chas.  H.  Benjamin  and  Roy  A.  French.     (55)  Vol. 

xxlli. 
Trials  of  a  Boiler  and  Pair  of  Compound  Engines.    Michael  Longridge,  M.  Inst.  C.  E. 

(47)  Serial  beginning  Nov.  6. 
Anti-Friction  Bearings.*    Henry  R.  Lordly,    (ao)  Nov.  IS. 
Modem  Fans.*    Charles  H.  Innes.    (11)  Serial  beginning  Nov.  14. 


The  Equipment  of  a  Modem  Paving  Brick  Plant.^  (14)  Nov.  16. 

otel, !" 
nphrey. 
A  Complete  New  Gas- Works  for  Slough.*    (66)  Nov.  18. 


The  Mechanical  Plant  of  the  Ansonla  Apartment  Hotel,  New  York  City.*    (14)  Nov.  16. 
Large  Power  Gas  Engines.*    H.  A.  Humphrey.    (47)  Serial  beginning  Nov.  16. 


Mond  Gas  Plant  at  l<^amley.*    ( la)  Nov.  81. 

Enlaigement  of  the  Baldwin  Locomotive  Works.*    (40)  Nov.  81. 

The  Bunagement  and  Working  of  Steam  Boilers.*    William  H.  Fowler.    (47)  Serial  be- 


ginning Nov.  28. 
rthei 


Further  Suggestions  for  the  Elimination  of  Naphthaline  from  Coal  Gas.    Thomas  Glover 

and  WlUiam  Young.    (34)  Nov.  81. 
Suction  Producers  for  Gas-Engines.*    (66)  Nov.  86. 
Distribution  Practice  in  the  United  States  <  Gas).*    (66)  Nov.  85. 
Gas  from  Wood  in  the  Manufacture  of  Steel.    James  Douglas.    (62)  Nov.  87. 
A  Competitive  Test  of  Steam  Boilers.    ( 13 )  Nov.  87. 
Experiments  on  Gas  Explosions  in  a  Closed  Vessel.*    L.  Bairstow  and  E.  C.  Horsley. 

(II)  Nov.  88. 
Flash  Boilers.    J.  S.  V.  Bickford.    (la)  Serial  beginning  Nov.  88. 
The  Balancing  of  Rolling  Mill  Engines.    George  Service,    (aa)  Nov.  88. 
Some  Motor  C^ar  Works.*    (la )  Serial  beginning  Nov.  88. 

Compression  of  Steel  Ingots.    The  Compression  of  Steel  by  Wire-Drawing  during  Solidifi- 
cation in  the  Ingot  Mould.*    A.  Harmet.    (Paper  read  before  the  Iron  and  Steel 

Inst,  at  Dttsseldorf . )    (11)  Serial  beginning  Nov.  88. 
Mechanical  Draft  for  Boilers.    W.  L.  SutcliSe.    (Paper  read  before  the  Manchester 

Assoc,  of  Engrs.)    (47)  Nov.  89. 
Steam  Pipe  Ck>vering  and  Its  Relation  to  Station  Economy.    (17)  Nov.  89;  (37)  Nov.  89; 

(34)  Dec.  8;  (64)  Dec 
The  Langley  Aeroorome.*    (10)  Nov.  89. 
Notes  on  Some  Experimental  Researches  on  Internal  Flow  in  Centrifugal  Pumps  and 

Allied  Machines.*    James  Alex.  Smith.    (Paper  read  at  Victorian  lost,  of  Engrs.) 

(19)  Nov.  89. 
Automatic  Cylinder  Lubrication.    C.  G.  Robbins.    (64)  Dec. 
Gas  Engines  at  the  Dilsseldorf  Exposition.*    i  64 )  Dec. 
The  Possibility  of  New  Fuels.    George  Ethelbert  Walsh.    (64)  Dec. 
Principles,  Care  and  Operation  of  Pneumatic  Hammers  and  Tools.*    (41)  Dec. 
Liquid  Fuel;  Burners  Which  Do  Not  Atomize.    (35)  Dec. 
Steam  Hammers.*    (41)  Dec. 
Coking  in  Beehive  Ovens  with  Reference  to  Yield.    Charles  Catlett.    (45)  Dec. 

*  Illustrated. 
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Mechanlcai — Con  1 1  n  ued . 

Plant  for  Saviiig  Coke  By-Products.    (45 )  Dec. 

Lubrication  of  TeztUe  fiOllB.    William  F.  Parish,  Jr.    (10)  Dec. 

Hanging  New  and  Lining  (Jp  Old  Shafting.*    D.  B.  Dixon.    (6a)  Dec.  4. 

The  Early  Hifttory  of  the  Corliss  Engine  in  the  United  States.    George  R.  PhilllpB. 

(Paper  read  before  the  Engine  Builders*  Assoc,  of  the  U.  S.    (ao)  Dec.  4. 
Superheated  Steam.    E.  H.  Foster.    (Paper  read  before  the  Engine  Builders*  Aasoc.) 

(ao)  Dec.  4. 
Blast  Furnace  Oas  Engines  and  Their  Work.*    (Extract  from  paper  presented  by 

Director  Reinhardt  at  the  meeting  of  the  Verein  Deutscher  Elseimuettenleute. )    (ao ) 

Serial  begmnlng  Dec.  4. 
The  Boiler  Shops  of  the  Babcock  &  Wilcox  Company.*    (14)  Dec.  6. 
A  New  Air  Compressor.*    (16)  Dec.  6. 

The  Present  Development  of  the  Steam  Turbine.*    Edwin  Tawger.    (a?)  Dec.  6. 
Lh8  Automobiles  *    M.  Forestier.    (43)  2«  Trimestre. 
Note  sur  les  Outils  de  Tours.    (37)  Oct. 

Les  Machines  &  Vapeur  &  TExposition  de  Dflsseldorf.*    P.  Dujardin.    (33)  Not.  1. 
Les  R^centes  Catastrophes  en  A6ronautique.    Q.  Espitallier.    (33)  Nov.  1. 
Notice  sur  la  Machine  a  Rectifier  Univerinelle  Bath.*    J.  Loubat.    (36)  Nov.  10. 
Installation  pour  la  Compression  du  Charbon  avant  sa  Transformation  en  Coke.*    (33) 

Nov.  16. 
Pompe  Express  &  Grande  Puissance  Systdme  Klein.*    O.  Diemer.    (36)  Nov.  X. 
Nouvel  Ejecto-Ck>ndenseur.*    A.  Rateau.    (33)  Nov.  29. 

Metallurgical. 

The  Early  History  of  Open-Hearth  Steel  Manufacture  in  the  United  States.*    S.  T.  Well- 
man.    (55)  Vol.  xxiii. 

Composition  of  Blast  Bumace  Slags.    L.Blum.    (58)  Oct. 

The  Meehan  Furnace  Devices.*    (6a)  Nov.  13. 

Concentration  and  Smelting,  as  Applied  to  the  Treatment  of  Low-Grade  (jk>ld-Copper 
Ores  at  Santa  F6  (Mexico).  Henry  F.  Collins.  (68)  Serial  beginning  Nov.  16;  (16) 
Nov.  16. 

Carbon  in  the  Hearth  of  the  Blast  Furnace.    W.  J.  Foster.    (6a)  Nov.  80. 

The  Electric  Smelting  of  Iron  Ore.    A.J.Rossi,    (ao)    Nov.  90. 

New  El  Paso,  Texas,  OU-Bumlng  Blast  Furnace.*    C.  W.  Clapp.    ( 19)  Nov.  22. 

Chemical  Composition  of  Steel  Ingots.     Alex.  Wahlburg.     (6a)  Serial  beginning  Nov. 
27. 

Military. 

Electricity  in  Its  Application  to  Submarine  Mines.    John  Stephen  Sewell.    (4a)  Oct 

Electric!^  in  Permanent  Seacoast  Defenses.*    George  W.  GK>ethals.    (4a)  Oct. 

Electricity  in  the  Signal  Corps.    Samuel  Reber.    (4a)  Oct. 

Emergency  Engineering  for  Harbor  Defense.    Louis  Bell.    (4a)  Oct. 

Disappearing  duns.*    (lo)Nov.  15. 

The  Development  of  Modem  Ordnance  and  Armor  in  the  United  States.*    Rear  Admiral 

Charles  O'Neil.    (Paper  read  before  the  Soc.  of  Naval  Archts.  and  Marine  Engrs.) 

(13)  Serial  beginning  Nov.  27. 

Mining. 

The  Screening  and  Washing  of  Coal  in  the  Dortmund  District  of  Germany.*    (aa)  Serial 

beginning  Nov.  7. 
Shaft  Sinking  at  the  Rhelnpreussen  Colliery  with  the  Pattberg  Drill.*    (57)  Nov.  14. 
Electrical  Tester  for  Fire  Damp.*    (57 1  Nov.  14. 
Steel  V8.  Timber  for  Shaft  Lining.    ( 13 )  Nov.  20. 
Studies  on  Coal  Washing.*    ( 57 )  Nov.  21. 
A  Tail-Rope  Haulage  System  In  a  Coal  Mine.*    (16)  Nov.  22. 
The  Cost  of  Hydraulic  Excavation  for  Embankments  and  for  Placer  Mining.    (13)  Nov. 

27. 
On  Experiments  with  Duplicate  Ventilating  Fans  at  Bamfurlong  Collieries.*    J.  W. 

Hutchinson,    (aa)  Nov.  28. 
Systematic  Timbering  in  French  Mines.*    (57)  Serial  beginning  Nov.  28. 
Method  of  Drilling  and  Shutting  off  Water  in  Experimental  Boreholes.*    (57)  Nov.  28. 
Hoisting  from  Great  Depths.*    Hennen  Jennings.    (16)  Nov.  20. 
Gold  Mining  in  Egypt.*    Charles  J.  Alford.    (10)  Dec. 
American  Petroleum  Possibilities.*    George  Ethelbert  Walsh.    (10)  Dec. 
The  Hydraulic  Installation  at  the  Panuco  Mines  in  Mexico.*    Horace  L.  Short.    (16) 

Dec.  6. 

Miscellaneous. 

The  Linvolpon  System— A  Suggestion  for  a  New  Decimal  System  of  Measurements 

Based  on  an  Old  Unit.    (55)  Vol.  xxiii. 
The  Cost  of  Hydraulic  Excavation  for  Embankments  and  for  Placer  Mining.    (13)  Nov. 

27. 
Friedrich  A.  Krupp:  His  Career,  His  Works  and  His  Operations.*    (aa)  Nov.  28. 
The  Engineer  as  Financier.    Robert  H.  Thurston.    (10)  Dec. 

.1 

*  Illustrated. 
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Manlcipal. 

Road  Building  with  Convict  Labor  in  the  ^uthern  States.    L.  ▲.  Holmes.    (13)  Nov.  80. 
Street  Cleaning  Statistics  for  Cities  above  8  000  Population  in  the  United  States.    A. 

Presoott  Folwell,  M.  Am.  Soc.  C.  E.    ( 13)  Nov.  9(7. 
What  are  Paving,  Repaying  and  Repair?  *    Charles  Carroll  Brown,  M.  Am.  Soc.  C.  E. 

(60)  Dec. 
An  Experimental  Steel  Trackway  in  New  York  City.*    (13)  Dec.  4. 

Railroad. 

Mechanical  Stokers  for  Locomotives.*    Fred  H.  Colvin.    (55)  Vol.  xxili. 

A  Portable  Accelerometer  for  Railway  Testing.*    F.  B.  Corey.    (sB)  ^o\.  xxlil. 

''  What  Does  it  Cost  to  Run  Trains  at  Hiflph  Speed?*'    (55)  Vol.  xxili. 

Extent  of  Damage  to  Cars  in  Switching  Service.    (61)  Oct. 

A  Review  of  the  Master  Car  Builders'  CooveDtlon  of  1908,  by  the  Secretary.    (61)  Oct. 

The  Strength  of  Rails;  Effect  of  Segregation  on  the  Strength  of  Steel  Ralls.*    Thomas 

Andrews.    (Paper  read  before  the  Soc.  of  Engrs.)    (11)  Serial  beginning  Nov.  14: 

( M)  Nov.  7. 
Improvements  on  the  Lackawanna  since  1880.*    (is)  Nov.  14. 
Notes  OD  Heavy  Electric  Traction  near  Purls.*    (17)  Nov.  16. 
The  Uganda  Railway.*    (13)  Nov.  81. 

Electricity  in  Railroad  Shops.    L.  R.  Pomeroy.    (40)  Not.  81. 
The  North  River  Tunnels  by  the  Sooysmith  Freezing  Process.*    (15)  Nov.  81. 
Improvements  at  the  Chicago  &  North  Western  Shops.*    (15)  Nov.  21. 
Interlocking  at  Maumee  River  Bridge,  Toledo.*    (15)  Nov.  81. 
Locomotive  Coallog  Station  of  the  Wisconidn  Central  Ry.  at  Fond  du  Lac,  Wisconsin.* 

(13)  Nov.  27.  • 
Construction  Work  on  the  Southern  Pacific  Cut-Off  Across  the  Qreat  Salt  Lake,  Utah.* 

C.  W.  Arthur.    (13)  Not.  87. 
The  "  Crewe  "  System  of  Railway  Signalling.*    (a6)  Nov.  88. 
Locomotive  Lubrication.    F.  P  Roesch.    (Paper  presented  to  the  Rocky  Mountain  Ry. 

Club.)    (15)  Nov.  88. 
The  Chilled  Iron  Car  Wheel.    C.  V.  Slocum.    (Paper  presented  to  the  Ry.  Club  of  Pitts- 
burg.)   (40)  Nov.  88;  (15)  Dec.  5;  (18)  Nov.  29. 
Modem  Locomotive  Practice.    C.  E.  Wolff.    (47)  Nov.  89. 
Air  Brake  Testing  Department  of  the  Armour  (Jar  Lines.*    (30)  Dec. 
Atlantic  Type  Passenger  Locomotive^ Vandalia  Line.*    ( 30 )  Dec. 
Locomotive  Types  of  Qreat  Britain.*    J.  F.  Gavins.    (10)  Dec. 
Two-Cylinder  CoraDouDd  Locomotives,  (Canadian  Pacific  Railway.*    (as)  Dec. 
Two  New  VanderbiJt  Cars,  80  000  Pounds,  Hopper  Type.*    1 35)  Dec. 
The  Compound  Locomotive  and  Its  Development  in  France.*    A.  Herdner.    (35)  Serial 

beginning  Dec. 
A  Freezing  Process  for  Building  the  River  Tunnels  of  the  Pennsylvania  R.  R.  at  New 

York.*    ( 1^)  Dec.  4. 
Consolidation  Locomotive  for  the  Baltimore  &  Ohio.*    (15)  Dec.  6. 
The  Application  of  Telpherage  to  Freight.*    (37)  Dec.  6. 

The  Concord  &  Manchester  Branch  of  the  Boston  &  Maine  Railroad.*    (17)  Dec.  6. 
IMsultats  obtenus  A  la  C!ompagnie  de  TEst  Jusqu'  au  Ur  Octobre  1908  piu*  TEmploi  de 

Tirolrs  Cylindriques  sur  lee  Locomotives  Compound  &  Quatre  Cylindres.    L.  Oh.  M. 

Pellet ler.    ( 3  a )  Sep t. 
Station  Centrale  d'Bnergie  de  la  Compagnie  du  Midi  A  Bordeaux-Saint- Jean.*  A.  Laurent. 

(38)  Nov. 

Railroad,  Street. 

Notes  on  the  Plotting  of  Speed-Time  Curves.    C.  O.  Mailloux.    (4a)  Aug.  and  Sept. 
Washington,  Baltimore  and  Annapolis  Single-Phase  Railway.    B.  O.  Lamme.    (4a)  Aug. 

and  Sept. 
The  Interurban  Electric  Railway  System  of  the  Union  Traction  Co.  of  Indiana.*    (13) 

Nov.  18 
Pneumatic  Brake  Trials.    (a6)  Nov.  81. 
Nottingham  Corporation  Tramways.*    (17)  Nov.  88. 
Specifications  for  Road  Bed  and  Overhead  Construction.    (17)  Nov.  88. 
Equipment  and  Organization  for  properly  Handling  Snow  Storms.    J.F.Conway.    (17) 

Nov.  89. 
Some  Features  of  the  New  York  Rapid  Transit  Power-House.*    (64)  Dec. 
The  Western  Ohio  Railway.*    D.  W.  Pell.    (40)  Dec.  6;  (18)  Dec.  6. 
The  Electric  Railway  in  Sydney.*    ( 17)  Dec.  6. 
The  Worcester  &  Southbrldge  Street  Railway.*    (17)  Dec.  6. 
Thhd-Rail  Electric  Traction  hi  Italy.*    (17)  Dec.  6. 
Street  Railway  Wheels  in  Europe.*    ( 17)  Dec.  6. 
The  Rolling  Stock  of  the  Manhattan  Railway  Company.*    (17)  Dec.  6. 
La  Traction  Electrique  par  Courant  Alternatif  Simple.    (33)  Nov.  1. 
The  Sydney,  Australia,  Tramway  System.*    F.  G.  Sykee.    (37)  Dec.  6. 

Sanitary. 

A  Septic  Tank  at  Bedford,  Ind.*    (14)  Not.  16. 

Sewage  Disposal  at  Shelby,  Ohio.*    BenJ.  H.  Flynn.    (13)  Nov.  80. 


*  Illustrated. 
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Sanitary— Continued. 

Ventilation  In  the  Pratt  Institute  Hl«rh  School,  Brooklyn.  N.  Y.**    (14)  Nov.  22. 

The  Proper  Operation  of  (Sewage  Purification  Plants.    John  W.  Alvord,  M.  Am.  Soc.  C. 

E.    (From  the  Proc.  Amer.  Soc.  Mun.  Improvements.)    (13)  Nov.  27:  (14)  I>ec.  6. 
The  Stability  of  Bewaee  Effluents  from  Coarse  Filters.    H.  wT  Clark.    (13)  Nov.  27. 
Heating  and  Ventilating  the  Akron,  Ohio,  Jail.*    (14)  Nov.  29. 
The  New  Works  for  the  Biological  Treatment  of  the  Sewage  of  Manchester,  England. 

J.  P.  Wilkinson.    (13)  I>ec.  4. 

Structural. 

Steel  and  Concrc-te  Coal  Storage  Plant.*    Franklin  M.  Bowman.    (55)  Vol.  xxlil. 
Specifications  for  Steel  Fonrings,  Steel  Castings  and  Steel  Boiler  Plates.*    William  R. 

Webster.    (55)  Vol.  xxIll. 
Studies  on  the  Constitution  of  Hydraulic  Cements.    By  S.  B.  Newberry,  assisted  by 

MelvUle  M.  Smith.    (67)  Nov. 
The  Microstructure  of  Iron  and  Steel.*    W.  C.  Post.    (Address  before  the  National 

R.  R.  Master  Blacksmiths'  Assoc. )    (ao)  Nov.  20. 
The  Hibemia  Building,  New  Orleans.*    (14)  Serial  beginning  Nov.  22. 
A  Possible  Explanation  of  the  Phenomena  Caused  by  Kepetitions  of  Stress.    F.  Foster. 

(Paper  read  before  the  Owens  College  Eng.  Soc. )    (47)  Serial  beginning  Nov.  22. 
Static  and  Dynamic  Load  Tests  of  De  valliere  Fireproof  Floor  Construction.*    E.  S. 

Powers.    (13)  Nov.  27. 
Failure  of  a  Concrete  Floor  at  Chicago.*    (13)  Dec.  4. 
Floor  Construction  and  Fireproofing  in  the  Oovemment  Printing  Office,  Washington, 

D.  C*    (14)  Dec.  6. 

R6sistance  &  la  Compression  du  B^ton  Arm6  et  du  B^ton  Frett6.    Consid^re.    (33)  Se- 
rial beginning  Nov.  1. 

Water  Supply. 

Water  Power  DeveIo]^ent  at  Hannawa  Falls.*    Wallace  C.  Johnson.    (55)  Vol.  zxiii. 
The  New  Works  and  water  Supply  of  tlie  Butte  Water  Company.*    Charles  W.  Paine. 

(I)  Oct. 
Irri^tion  System  of  the  Arkansas  Valley  Sugar  Beet  and  Irrigated  Land  Co.,  Colorado.* 

w.  P.  Hardesty.    (13)  Nov.  18. 
A  Water- Wheel  Governor  of  Novel  Construction.*    (13)  Nov.  18. 
The  Consumption  of  Water  in  Cities  and  Towns  in  Massachusetts.    ( 13)  Nov.  80. 
The  JoilyMcCormick  Turbines  at  the  ''  Soo."*    r  ao )  Nov.  20. 
Some  Characteristics  of  the  Flow  of  Water  in  Channels  of  Varying  Cross-Section.*    T. 

E.  Stanton.    (11)  Nov.  21. 

A  New  Reservoir  at  New  London,  Conn.*    (14)  Nov.  22. 

The  Maignen  Preliminary  Filters  for  the  Preparation  of  Water  for  Sand  Filtration.  (14 ) 

Nov.  22. 
New  Apparatus  for  Sterilizing  Water.*    (19)  Nov.  29. 
Pollution  and  Self -Purification  of  tiie  River  Severn  at  Shrewsbury.   A  Review  by  Oeorge 

C.Whipple.    (14)  Nov.  29. 
The  Artesian  Water  Supply  of  Memphis.  Tenn.    (14)  Nov.  29. 
Water  Power  in  Electrical  Supply.    Alton  D.  Adams.    (10)  Dec. 
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AN  ALTERNATIVE  LINE  FOR  THE   NICARAGUA 
CANAL;  AND  A  PROPOSED  NEW  METHOD 
OF  DAM  CONSTRUCTION. 

Discussion.* 


By  Messrs.  P.   C.  Hains,  AiiFred  NoBiiE,  Edwabd  P.  Nobth, 
L.  M.  Haupt  and  Theodobe  Pasghke. 


Mr.  Halns.  P.  C.  Hains,  M.  Am.  Soo.  C.  E.— This  project  for  an  alternative 
route  for  a  Nicaragua  Canal  comes  rather  late,  inasmuch  as  the 
question  of  route  seems  to  have  been  settled  definitely  in  favor  of 
Panama.  It  is  understood  that  the  author  was  employed  in  l^icaragna 
by  the  Maritime  Canal  Company  for  a  period  of  about  two  years,  and 
has  given  the  subject  of  a  Nicaragua  Canal  a  good  deal  of  study. 
His  opinions,  therefore,  are  entitled  to  consideration.  Time  will  not 
permit  of  an  extended  treatment  of  this  paper,  and,  under  the  cir- 
cumstances, it  seems  unnecessary,  but  it  is  proposed  to  offer  a  fe^ 
comments  on  certain  salient  points. 

The  Isthmian  Canal  Commission,  in  its  report  of  1899-1901,  sub- 
mits a  project  for  a  canal  in  Nicaragua  substantially  on  the  rente 
suggested  by  the  Nicaragua  Canal  Commission  in  1898.  Starting 
from  Brito,  on  the  .Pacific  coast,  the  line  follows  close  to  that  pro- 
posed by  Colonel  Childs  in  1850  to  Lake  Nicaragua.  It  then  crosses 
Lake  Nicaragua  and  follows  the  San  Juan  River,  which  it  is  proposed 
to  canalize,  to  the  neighborhood  of  the  junction  of  the  San  Carlos 

*  This  discussion  (of  the  paper  by  J.  Francis  Le  Baron,  M.  Am.  8oc.  C.  £.,  printedio 
Proceedings  for  October,  1908;,  is  printed  in  Proceedings  in  order  that  the  views  expreffl«* 
may  be  brought  before  all  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  received  prior  to  January  2Sd,  1908,  irill  be  puo- 
lished  subsequently. 
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Trith  the  San  Juan  ;  thence  it  follows  the  yalley  of  the  San  Jnan  on  Mr.  Hains. 

the  north  side  of  the  stream.     The  alternative  line  proposed  by  Mr. 

Le  Baron  refers  only  to  that  part  of  the  route  lying  between  the 

neighborhood  of  the  junction  of  the  San  Carlos  with  the  San  Juan 

and  the  Caribbean  Sea,  and  passes  to  the  sea  on  the  south  side  of 

that  stream. 

The  author  states  that: 

"  The  importance  of  good  harbors  for  the  termini  of  the  Nicaragua 
Canal  is  so  great  that  we  could  well  afford  to  sacrifice  several  less 
favorable  features  to  secure  them." 

This  is  true,  but  there  are  some  features  which  cannot  be  sac- 
rificed for  any  reason.  A  perfectly  practicable  plan  for  a  canal  can- 
not be  sacrificed  for  one  of  uncertain  practicability;  a  plan  that  is 
free  from  all  experimental  constructions  should  not  be  sacrificed  for 
one  that  is  not. 

At  the  present  time  there  is  no  harbor  at  either  end  of  a  Nicaragua 
Canal,  and  this  is  true  whether  the  route  be  that  of  the  Isthmian 
Canal  Commission,  or  the  one  proposed  by  the  author.  Harbors  will 
have  to  be  constructed  at  each  end  of  the  line.  Why,  then,  should 
any  features  of  a  feasible  route  be  sacrificed  to  obtain  what  does  not 
exist? 

That  it  is  practicable  to  construct  a  harbor  at  the  Colorado  mouth 
of  the  San  Juan  will  not  be  questioned,  but  that  one  exists  at  the 
present  time  cannot  be  truthfully  asserted.  Indeed  the  author  seems 
to  admit  this  fact,  for  he  states  that  he  <*  considers  it "  (the  mouth  of 
the  Colorado)  *'  well  adapted  for  improvement  by  jetties  ";  and,  also, 
that  there  ''  seems  to  be  little  reason  for  doubt  that  this  channel  can 
be  deepened  to  24  ft.  by  jetties  alone. "  As  a  matter  of  fact,  very  little 
is  known  about  the  actual  conditions  at  the  Colorado  mouth  of  the 
San  Juan  River.  A  survey  was  made  in  1865  by  Mr.  P.  C.  F.  West,  of 
the  United  States  Coast  Survey;  and  another  was  made  by  Com- 
mander Tilly,  of  the  United  States  Navy,  in  1898.  Neither  is  really 
entitled  to  the  name  of  survey.  Only  a  few  soundings  were  taken  on 
the  bar  by  either  West  or  Tilly,  and  no  tidal  measurements  were 
made  or  other  data  necessary  for  formulating  a  project  of  improve- 
ment obtained.  The  locality  was  visited  by  the  Nicaragua  Canal 
Commission  in  1898,  and  again  by  the  Isthmian  Canal  Commission  in 
1900.  At  the  time  of  the  latter  visit  the  remains  of  a  wreck  were 
plainly  visible  off  the  mouth  of  the  entrance,  and  the  sea,  though  the 
weather  was  normal,  was  breaking  across  the  entire  length  of  the  bar. 
The  ** condition  of  nearly  stable  equilibrium,"  which,  the  author 
claims,  exists  there,  was  not  apparent  at  either  time.  Still,  it  will 
be  admitted  that  the  channel  might  be  deepened  by  the  construction 
of  jetties,  or  by  jetties  combined  with  dredging. 

The  author  seems  to  think  that  the  construction  of  a  harbor  at  or 
ear  Grey  town  is  impracticable.     In  this  he  differs  from  nearly  every 
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Mr.  Hains.  engineer  who  has  studied  this  question.  Many  will  differ  as  to  the 
cost  of  construction.  Some  may  differ  as  to  the  causes  of  the  destruc- 
tion of  the  old  harbor.  Some  may  differ  as  to  the  best  site  available 
in  the  immediate  -vicinity;  but  none  is  known  to  admit  that  the  con- 
struction of  a  harbor  is  impracticable.  .  The  sand  movement  at  Grey- 
town  is  very  similar  to  that  at  the  Mediterranean  end  of  the  Suez 
Canal,  and  certainly  no  one  will  question  the  fact  that  a  harbor  at  the 
entrance  of  that  canal  has  been  obtained  and  successfully  maintained. 

*'  The  futility  of  building  a  harbor  in  the  re-entrant  angle  "  (near 
Grey  town),  the  author  states,  *'i8  exemplified  still  further  b^  the 
experience  of  the  Maritime  Canal  Company";  and  that  ''the  jetty 
built  by  them  has  been  overwhelmed  by  the  sands,  and  the  channel 
they  had  cut  through  the  littoral  cordon  enclosing  the  harbor  lagoon 
filled  up  shortly  after  the  work  stopped.'* 

It  is  quite  true  that  most  of  the  partially  constructed  jetty  was 

overwhelmed  by  the  sand,  and  the  channel  filled  up  shortly  after  the 

work  stopped;  but  it  is  remarkable  that  the  engineers  composing  the 

Isthmian  Canal  Commission,  as  well  as  others,  should  draw  from  the 

experience  of  the  Maritime  Canal  Company,  in  its  attempt  to  form  a 

harbor  at  Greytown,  diametrically   opposite  conclusions  from  those 

formed  by  the  author.     This  is  more  particularly  strange  in  view  of 

the  fact  that  the  author  was  employed  by  that  company  at  about  the 

time  the  jetty  was  constructed.     The  Isthmian  Canal  CommissioD 

states  in  its  report  as  follows  :* 

**  The  feasibility,  moreover,  of  constructing  a  harbor  at  Grey  Town 
has  been  practically  demonstrated  by  the  work  done  by  the  Maritime 
Canal  Company.  About  1  000  linear  feet  of  jetty  was  constructed  by 
that  company  at  a  place  a  short  distance  west  of  the  location  proposed 
by  this  Commission,  and  where  the  conditions  of  sand  movement  are 
identical.  This  was  quickly  followed  by  the  scouring  out  of  a  channel 
on  the  lee  side  to  a  depth  of  about  7  ft.  This  channel  was  made 
through  the  sand  spit  which  converted  Grey  Town  Harbor  into  a 
lagoon.  The  channel  was  increased  in  depth  to  12  or  14  ft.  by 
dredging.  No  difficulty  would  have  been  experienced  in  deepening 
this  channel  still  more,  and  in  maintaining  the  increased  depth  by  the 
further  extension  of  the  jetty  seaward  aided  by  dredging  and  the 
possible  construction  of  another  jetty  on  the  west  side. " 

It  is  to  be  borne  in  mind  that  less  than  1  000  ft.  of  jetty  were  con- 
structed, and  the  outer  end  of  it,  at  the  time  work  was  stopped, 
was  nowhere  near  the  30-ft.  contour,  beyond  which  it  was  expected  to 
go  to  secure  the  required  depth,  but  the  moving  sands  were  arrested  by 
it  and  accumulated  on  the  windward  side,  as  was  expected.  The  out- 
flow from  the  lagoon,  without  other  help,  opened  a  channel  for  itself, 
7  ft.  deep,  which  was  increased  to  about  14  ft.  by  dredging.  That  a 
short  piece  of  unfinished  jetty  should  have  produced  such  results  so 
quickly  is  believed  to  establish  beyond  all  doubt,  if  doubt  exist,  the 
practicability  of  thus  opening  a  harbor.     The  canal  engineera  regarded 

*  Report  of  the  Isthmian  Canal  Commission,  1899-1901,  p.  141. 
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it  as  a  practical  demonstration  of  the  correctness  of  the  theories  on  Mr.  Halni. 
which  the  plans  were  based.  That  a  further  extension  of  the  jetty 
(which  the  plans  contemplated)  would  have  been  f  olid  wed  by  a  chan- 
nel of  still  greater  depth  is  not  to  be  doubted;  that  in  its  unfinished 
condition  it  should  have  been  overwhelmed  by  the  sands  after  work 
stopped,  was  to  be  expected .  That  this  sand  movement  in  the  near 
vicinity  of  Grey  town  is  objectionable,  no  one  will  deny;  but  that  it  can- 
not be  stopped  by  groynes  or  jetties  built  out  from  the  shore,  no 
engineer  familiar  with  such  work  would  be  willing  to  assert.  It  is  a 
far  easier  problem  to  solve  than  many  others  that  are  encountered  on 
any  Isthmian  Canal  route.  It  is  chiefly  one  of  expense,  and  not  a  very 
serious  one,  at  that. 

The  author  is  in  error  when  he  states  that  "strange  to  say,  only 
one  location  for  the  harbor  has  been  proposed.  '*  If  he  had  read  the 
report  of  the  Isthmian  Canal  Commission*  he  would  have  found  that 
an  alternative  location  for  a  harbor  near  the  mouth  of  the  Indio, 
about  6  miles  northwest  of  Grey  town,  is  discussed.  Not  only  was  the 
question  of  a  harbor  at  that  point  discussed,  but  an  alternative  route 
for  the  oanal  from  Lock  No.  1  to  the  harbor  site  was  surveyed.  The 
Commission  states  as  follows: 

"As  already  stated,  the  movement  of  the  sand  along  the  coast, 
which  at  Grey  Town  seems  to  be  at  the  maximum,  decreases  as  the 
mouth  of  the  Indio  is  approached.  This  stream  doubtless  brings 
down  some  sand  and  silt  during  floods.  The  amount  is  unknown,  but 
is  probably  small.  Immediately  north  of  its  mouth  a  forest  growth, 
fringing  the  ocean  front,  indicates  that  the  shore  line  is  not  now  being 
subjected  to  much  change.  In  view  of  the  small  sand  movement  in 
the  neighborhood  of  the  mouth  of  the  Indio  and  the  apparent  stability 
of  the  shore  line  there,  it  was  thought  advisable  to  locate  an  alterna- 
tive route  from  Lock  No.  1  to  a  harbor  site  at  that  place." 

**  This  alternative  route  is  of  about  the  same  length  as  the  adopted 
one  to  Grey  Town,  but  has  a  little  less  curvature.  The  fore  shore  of 
the  coast  is  flatter  than  in  the  vicinity  of  Grey  Town,  requiring  longer 
jetties  to  secure  a  harbor.  The  jetties  should  converge  seaward  to 
give  a  large  area  outside  the  shore  line  in  which  the  force  of  the  waves 
may  expend  themselves,  as  at  Ymuidt'n.  The  first  cost  of  this  alterna- 
tive route,  both  for  excavation  and  harbor  jetties,  would  be  greater 
than  that  of  the  adopted  one.  There  is  reason  to  believe,  however, 
that  the  cost  of  maintaining  the  harbor  would  be  less,  and  possibly 
the  saving  in  this  respect  would  be  sufficient  to  warrant  the  greater 
expenditure  for  construction." 

"  The  data  concerning  the  Indio  route  are  not  so  well  ascertained 
as  those  relating  to  the  adopted  route  terminating  at  Grey  Town,  but 
its  advantage  in  respect  to  maintenance  of  the  harbor  can  hardly  be 
doubted.  The  Commission  believes,  however,  that  it  is  practicable  to 
maintain  a  harbor  at  Grey  Town  which  will  be  fully  as  serviceable  in 
ever^  way,  and  regards  its  advantages  as  a  working  harbor  as  of  such 
importance  that  its  estimates  are  based  on  that  location. " 

*  Report  of  the  Isthmian  Canal  Commisbion,  1899-1001,  pp.  162  and  163. 
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Mr.  Hsins.       The  Isthmian  Canal  GommisBion  does  not  claim  originality  in  the 

suggestion  of  this  alternative  harbor.     Its  possible  advantages  have 

occurred  to  others,  before.     It  shows  either  that  the  author  has  not 

read  the  report  of  the  Isthmian  Canal  Commission,  or  read  it  to  little 

effect.     He  sajs  that  *'The  last  Isthmian  Canal  Commission  dismissed 

the  idea  of  a  canal  on  the  south  side  of  the  San  Juan  in  a  few  vrords," 

and  quotes  what  purports  to  be  a  statement  of  the  Chief  Engineer  to 

sustain  him.     There  was  only  one  Isthmian  Canal  Commission.     He 

has  the  Nicaragua  Canal  Commission  mixed  up  with  the  Isthmian 

Canal  Commission,  and  in  reality  is  referring  to  the  former.     The 

statement  of  the  Chief  Engineer  of  the  Nicaragua  Canal  Commission 

is  as  follows: 

*'  An  examination  of  the  map  shows  that  a  canal  location  from  the 
Caribbean  Sea  to  Lake  Nicaragua,  south  of  the  San  Juan  Biver,  would 
cross  all  of  these  streams."  (Beferring  to  the  Frio,  Poco  Sol,  San 
Carlos  and  Serapiqui.)  '*This  would  make  its  construction  practi- 
cally an  impossibility." 

The  Nicaragua  Canal  Commission  is  not  responsible  for  the  state- 
ment of  its  Chief  Engineer,  but  it  is  submitted  that  this  Chief  Engineer's 
statement  is  absolutely  correct.  He  says  that  a  canal  location  from 
the  Caribbean  Sea  to  Lake  Nicaragua,  south  of  the  San  Juan  Biver, 
would  cross  all  these  streams,  and  so  it  would,  as  will  be  seen  bv  an 
examination  of  the  map,  Plate  XL.  In  the  plans  submitted  by  the 
Nicaragua  Canal  Commission  it  was  proposed  to  canalize  the  river 
from  the  lake  to  near  the  mouth  of  the  San  Carlos;  but  that  was  not 
the  plan  to  which  the  Chief  Engineer  referred. 

Assume,  for  the  sake  of  argument,  that  there  may  exist  a  good  har- 
bor at  the  mouth  of  the  Colorado,  which  is  by  no  means  admitted; 
what  are  the  **  less  favorable  features  "  of  a  canal  that  it  is  proposed 
to  sacrifice  in  order  to  secure  it? 

First, — The  San  Carlos  must  be  taken  into  the  canal  or  canalized 
river.  The  canalized  river  then  becomes  practically  an  extension 
of  the  lake  level  to  the  dam,  exactly  as  suggested  by  Mr.  Menocal. 
The  San  Carlos  is  a  torrential  stream  of  no  mean  dimensions.  It 
takes  its  rise  in  the  mountains  of  Costa  Bica,  and  drains  a  large 
but  unknown  area  of  country.  It  brings  down  immense  quantities 
of  volcanic  sand  which  have  been  deposited  in  the  San  Juan  Biver 
from  its  junction  with  the  San  Carlos  to  the  sea.  It  is  an  accepted 
theory  that  the  delta  of  the  San  Juan  has  been  largely  built  of 
the  sand  brought  down  by  this  river.  The  sand  that  now  ob- 
structs the  bar  at  the  mouth  of  the  Colorado  is  believed  to  have 
come  from  the  mountains  of  Costa  Bica  by  way  of  this  river  and  the 
SerapiquL  In  appearance,  the  sand  in  the  San  Carlos  bed  and  that  in 
the  delta  are  identical.  When  this  river  is  in  flood  the  discharge  is 
estimated  by  Mr.  A.  P.  Davis,  the  hydrographer  of  the  two  commis- 
sions that  reported  on  a  Nicaragua  Canal  Boute,  as  reaching  the  large 
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Amount  of  100  000  cu.  ft.  per  second.  The  Son  Juan,  above  its  junc-  ifr.  Hains. 
tion  with  the  Ban  Carlos,  Mr.  Davis*  estimates  may  also  reach  100  000 
ou.  ft.  per  second  when  the  lake  Is  high  and  the  tributaries  of  the 
stream  above  the  mouth  of  the  San  Carlos  are  discharging  their  flood 
waters  into  it.  The  possible  discharge  of  the  two  rivers  combined 
make  a  total  of  200  000  cu.  ft.  per  second.  An  actual  measured  dis- 
charge, made  near  Ochoa  in  1900,  was  more  than  130  000  cu.  ft.  per 
second. 

The  difficulty  of  handling  this  enormous  quantity  of  water  is  so  great 
that  any  prudent  engineer  would  prefer  to  have  it  eliminated  from 
consideration.  It  is  practicable  to  eliminate  it  by  constructing  the 
canal  on  the  north  side  of  the  river,  and  as  no  apparent  advantages  are 
gained  by  taking  the  south  side,  all  engineers,  from  Colonel  Childs  in 
1850  to  those  on  the  last  canal  commission,  preferred  the  north  side. 
The  first  sacrifice,  therefore,  made  to  secure  this  mythical  harbor  at 
the  Colorado,  is  the  taking  of  this  torrential  stream  into  the  canalized 
river  rather  than  avoiding  it  altogether. 

Second. — The  Berapiqui  must  be  taken  into  the  canal.  This  the 
author  proposes  to  do  in  a  short  section  between  locks  which  he  pro- 
poses to  locate  on  opposite  sides  of  the  river.  The  bed  of  the  Serapiqui 
is  to  be  used  as  a  part  of  the  canal,  but  that  does  not  affect  the  ques- 
tion materially.  The  full  discharge  of  the  Serapiqui  must  be  taken 
into  the  canal  and  let  out  again.  This  river  is  very  much  like  the 
San  Carlos,  except  that  it  is  not  so  large.  It  takes  its  rise  in  the  moun- 
tains of  Costa  Rica,  and  brings  down  large  quantities  of  volcanic  sand. 
Mr.  Davis,  the  hydrographer  already  referred  to,  estimates  that  the 
discharge  of  this  stream  may  reach  66  000  cu.  ft.  per  second.  To  take 
this  quantity  of  water  into  a  long  and  wide  section  of  canal  would  be 
a  hazardous  undertaking.  To  take  it  into  a  short  section  would  be  still 
Hiore  difficult.  Actual  measurements  of  the  discharge  of  this  stream 
exceed  26  000  cu.  ft.  per  second. 

The  author  states  that  the  crossing  of  the  Serapiqui  is  not  more 
difficult  than  that  of  the  San  Francisco,  which  is  on  the  north  side  of 
the  San  Juan,  *' except  in  degree.*'  A  12- in.  projectile  striking  the 
armor  of  a  battleship  with  a  velocity  of  100  ft.  a  second  will  do  com- 
paratively little  or  no  damage;  but,  let  it  strike  with  a  velocity  of  2  000 
ft.  a  second  and  it  may  destroy  the  ship.  Yet  there  is  no  difference 
between  the  two  cases  except  in  degree  of  velocity.  The  statement  that 
the  Serapiqui  is  only  about  twice  the  size  of  the  San  Francisco  is  an 
error,  and  a  bad  one.  The  Nicaragua  Canal  Commission  made  a  series  of 
gaagings  of  these  two  streams  in  1898-1899.  These  gaagings  are  pub- 
lished in  the  report  of  the  Nicaragua  Canal  Commission.  The  measure- 
ments of  the  San  Francisco,  made  at  the  lower  station,  near  its  mouth, 
extended  over  a  period  of  nine  months;  those  of  the  Serapiqui,  6  miles 
above  its  junction  with  the  San  Juan,  extended  over  a  period  of  11 
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Mr.  Halns.  months.  The  minimum,  recorded,  low-water  discharge  of  the  San 
Francisco  was  66  cu.  ft.  per  second.  The  minimum  recorded  discharge 
of  the  Serapiqui  was  2  240  cu.  ft.  per  second.  The  maximum  high- 
water  discharge  of  the  San  Francisco  was  550  cu.  ft.  per  second,  and 
that  of  the  Serapiqui  was  26  731  cu.  ft.  per  second.  These  were  actual 
measurements  made  by  careful  men.  They  show  that  in  the  low  stages 
the  Serapiqui  discharges  about  thirty- four  times  as  much  water  as  the 
San  Francisco,  and  in  the  high  stages  nearly  fifty  times  as  much.  Com- 
ment is  unnecessary. 

Third. — The  Cano  Negro  must  also  be  crossed.  Our  knowledge  of 
this  stream  amounts  to  almost  nothing.  The  maps  show  its  existence. 
Apparently,  it  drains  a  large  area  of  Costa  Bican  territory,  and  may  be 
a  stream  of  very  large  size;  but  the  known  physical  data  in  regard  to  it 
amount  practically  to  nothing.  What  difficulties  may  be  encountered 
in  crossing  this  stream  are  absolutely  unknown. 

Fourth, — The  Conchuda  dam  site  must  be  sacrificed  for  the  one  at 
Ochoa.  That  is,  a  perfectly  practicable  dam  which  inyolves  no  un- 
tried engineering  problems  in  its  construction,  is  to  be  given  up  for 
a  dam  the  like  of  which  has  never  before  been  proposed  to  the  engi- 
neering profession,  much  less  built.  Whatever  opinions  may  be 
held  with  reference  to  this  dam,  it  is  not  asserted  that  it  cannot  be 
built.  That  question  will  be  passed  over  without  other  claim  than 
that  the  building  of  any  dam  at  Ochoa  is  a  work  of  great  difficulty, 
while  the  building  of  a  dam  at  Conchuda  is  not;  that  the  dam  pro- 
posed is  experimental;  and  that  the  interests  involved  are  so  im- 
mensely great  that,  under  the  circumstances,  no  engineer  would  be 
justified  in  adopting  it.  A  masonry  dam  at  Conchuda  is  safe  and 
practicable.  It  is  true  that  the  cost  of  the  project  is  apparently 
increased  by  the  acceptance  of  these  safe  conditions,  but  cost  is  one 
of  the  features  that  can  be  sacrificed  to  that  of  safety  in  a  work  of 
such  importance  as  an  Isthmian  CanaL  What  engineer  would  not 
prefer  to  incur  an  expense  of  millions  of  dollars  in  order  to  make  such 
an  important  structure  safe?  There  is  to  be  considered  not  only  the 
question  of  money,  but  that  of  life  also.  The  destruction  of  the  dam 
would  mean,  not  only  great  financial  loss,  but  a  fearful  loss  of  life 
besides. 

What  are  the  peculiarities  of  the  dam  that  the  author  proposes 
that  are  to  render  it  safer  than  the  ordinary  rock-fill  dam?  It  is  pro* 
posed  to  inclose  the  loose  rock  composing  the  dam  within  a  net  made 
of  1-in.  steel  cables,  the  meshes  of  the  net  being  3  ft.  square  and  crossed 
by  meshes  of  still  smaller  cable.  This  net  is  to  be  laid  on  the  bottom 
of  the  river  and  the  dam  built  upon  it.  As  the  work  progresses,  the  up- 
stream and  down- stream  ends  of  the  net  are  to  be  drawn  up,  and  when 
the  stone  fill  is  completed,  the  ends  of  the  net  are  to  be  fastened 
together,  forming  a  huge  bag  of  stone. 
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The  author  is  entitled  to  full  credit  for  originality  in  this  Mr.  Hains. 
dam.  He  says  that  *'  an  earthquake  would  only  serve  to  consolidate  it 
and  fill  up  the  voids. "  It  is  the  only  dam  known  that  is  improved  by 
earthquakes!  But  has  the  possibility  of  the  steel  cables  wearing  out, 
been  considered?  Has  the  fact,  that  in  some  waters  iron  and  steel 
undergo  chemical  changes  which  destroy  their  properties,  been  con- 
sidered? Has  the  wearing  effect  of  the  sand,  washed  over  the  dam 
by  the  mighty  currents  passing  over  it,  been  thought  of?  Steel 
bolts  1  in.  in  diameter  have  been  known  to  be  worn  through  in  24 
hours  when  exposed  to  the  rasping  effect  of  sand  in  an  ordinary 
centrifugal  pump.  One  of  the  great  difficulties  of  holding  a 
lightship  in  position  is  that  the  motion  of  the  ship  wears  out  the 
chain  where  it  comes  in  contact  with  the  sand  at  the  bottom  of  the 
sea. 

It  is  stated  that  the  method  of  construction  will  present  no  diffi- 
culties. As  the  method  of  construction  is  not  explained,  it  is  not  clear 
that  such  is  the  fact.  How,  for  instance,  will  the  lower  slopes  of  the 
dam  be  maintained  at  1  on  4  during  construction  if  it  be  overtaken  by 
a  great  flood?  Can  anyone  say  that  loose  stone,  even  of  large  size,  will 
stand  on  that  slope  under  such  circumstances?  Will  there  be  no  diffi- 
culty in  drawing  up  the  net  on  the  down-stream  side  with  a  mighty 
torrent  passing  over  it? 

The  author  proposes  to  construct  two  spillways  in  the  San  Carlos 
embankment,  but  says  his  dam  **  would  be  perfectly  safe  as  a  weir." 
It  is  not  claimed  that  the  surplus  water  may  not  be  discharged  over  spill- 
ways in  the  San  Carlos  embankment;  but  the  structures,  to  be  safe  with 
such  immense  quantities  passing  over  them,  should  be  founded  on  rock. 
Possibly  a  good  rock  foundation  near  the  surface  can  be  found,  but  it  is 
not  known  that  it  can. 

That  such  a  dam  could  be  used  safely  as  a  weir,  cannot  be  admitted. 
To  use  it  for  that  purpose  will  necessitate  that  it  be  made  not  only 
water-tight,  because  the  level  of  the  lake  is  to  be  regulated  by  this 
weir,  but  the  gates,  to  regulate  the  flow  of  this  enormous  mass  of 
water  over  it,  must  be  adjustable  and  built  on  top  of  it.  Would  any 
engineer  wish  to  build  adjustable,  water-tight  gates  on  top  of  that 
bag  of  stone  with  100  000  and  possibly  200  000  cu.  ft.  of  water  passing 
over  it? 

The  claim  that  this  is  not  an  experimental  dam,  because  a  small 
one  has  been  built  in  a  small  stream  with  sand  bags  instead  of  stone, 
and  an  ordinary  twine  net  instead  of  a  chain  cable  net,  cannot  be 
accepted.  Such  a  dam,  to  say  the  least,  is  unquestionably  experi- 
mental. None  like  it  has  ever  been  built  under  similar  conditions. 
Yet  the  safety  of  the  entire  canal  project,  involving  the  expenditure 
of  $150  000  000  to  $176  000  000  will  depend  on  this  dam.  An  experi- 
mental structure  of  such  a  nature  has  no  place  in  a  great  project  like 
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Sir.  Hains.  that  of  an  Isthmian  Canal,  where  so  many  and  snoh  vast  interests  will 
be  centered. 

The  members  of  the  Isthmian  Canal  Commission  approached  the 
canal  problem  with  the  feeling  that  a  grave  responsibility  rested  on 
their  shonlders.  In  the  minds  of  the  Commission  it  was  a  matter 
of  supreme  importance  that  no  constructions  should  be  adopted  that 
it  was  not  perfectly  feasible  to  build,  and  when  built,  to  be  safe 
beyond  all  peradventure,  barring  extraordinary  convulsions  of  Na- 
ture, for  which  provision  could  not  be  made.  It  aimed  to  adopt  only 
such  types  of  structures  as  had  been  tested  successfully  elsewhere 
under  similar  conditions,  and  to  reject  all  structures  of  a  novel  type 
which  had  not  been  thus  tested.  The  question  of  cost  was  not  ignored, 
but,  in  the  consideration  of  the  problem,  it  was  given  a  place  secondary 
to  that  of  safety  and  feasibility.  Treating  the  subject  from  that  stand- 
point, the  Commission  recommended  a  project  which  was  free  from  all 
unsafe  or  questionable  structures.  Will  it  not  be  said  that,  in  this,  the 
Commission  was  right? 

Mr.  Noble.  AiiFBED  NoBiiE,  M.  Am.  Soc.  C.  E. — The  decision  by  Congress  at 
its  last  session,  favoring  the  Panama  route,  may  seem  to  make  the  subject 
of  the  author's  paper  a  dead  issue.  This  decision,  however,  was  sub- 
ject to  the  express  condition  that  the  United  States  should  be  given 
perpetual  control  of  the  immediate  vicinity  of  the  route.  This  con- 
dition was  wisely  interposed,  for  the  Isthmian  Canal  problem  is  no 
less  one  of  sanitary  than  of  civil  engineering.  If  such  control  cannot 
be  had  at  Panama  and  can  be  obtained  for  the  Nicaragua  route,  it  would 
be  better  to  accept  the  latter.  To  attempt  the  building  of  a  canal  in 
either  place  without  such  control  would  be  to  invite  the  discredit  and 
disaster  which  have  attended  previous  work  at  Panama. 

It  may  help  to  a  better  understanding  of  the  paper  if  a  brief  refer- 
ence be  mnde  to  the  principal  surveys  of  the  route. 

The  first  survey  worth  mentioning  was  made  by  Colonel  O.  W. 
Childs,  in  1850  to  1852,  for  Cornelius  Vanderbilt  and  his  associates. 
His  project  was  for  a  canal  17  ft.  deep.  His  report  was  a  model 
as  an  engineering  report,  and  has  been  the  basis  for  the  best  of  the 
work  done  since.  His  line  followed  the  river  from  the  lake  to  the 
mouth  of  the  Berapiqui,  thence  by  canal  to  Grey  town.  Grey  town 
then  had  an  excellent  harbor,  but,  a  few  years  later,  a  sand  bar 
extended  across  it  and  it  became  a  lagoon.  The  next  survey,  omit- 
ting other  mention  of  the  work  of  the  United  States  Coast  Survey  in 
1865  on  the  lower  river,  was  made  by  the  United  States  Navy  in  1872-3, 
and  is  known  as  the  Lull  Survey,  from  the  name  of  the  officer  in  charge 
during  the  last  year.  Lull's  line  left  the  San  Juan  a  short  distance 
below  the  mouth  of  the  San  Carlos,  and  thence  a  canal  was  located  on 
the  left  bank  of  the  San  Juan  to  Greytown.  This  passed  through 
Silico  Lagoon  and  was  approximately  the  line  shown  on  the  author's 
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map  (a  reproduction  mainly  of  the  map  of  the  Nicaragua  Canal  Com-  Mr.  Noble, 
mission)  as  "Lull  Eonte  Variant  II."    The  other  "Lull  Variants," 
shown  on  the  map  were  not  run  by  Lull,  were  not  shown  on  his  pub- 
lished maps  or  referred  to  in  his  report,  and  the  speaker  knows  no  rea- 
son for  thus  terming  them. 

After  the  Lull  survey  came  the  series  of  surveys  made  under  the 
direction  of  A.  G.  Menocal,  M.  Am.  Soc.  C.  E.,  first  as  an  officer  of  the 
United  States  Navy,  and  next  as  Chief  Engineer  of  the  Maritime  Canal 
Company,  the  latter  covering  a  period  of  about  five  years,  ending  in 
1893.  In  these  surveys  Mr.  Le  Baron  had  a  responsible  part.  The 
principal  result  of  these  was  the  development  of  a  cut-off  line,  from 
ihe  mouth  of  the  San  Carlos  to  Grey  town,  which  had  some  advantages. 
Like  many  other  projects  in  connection  with  this  route  its  difficulties 
developed  rapidly  with  more  detailed  examination. 

Since  the  suspension  of  work  by  the  Maritime  Canal  Company,  three 
examinations  have  been  made  by  commissions  sent  out  by  the  United 
States  Government.  As  the  author  has  fallen  into  some  confusion 
with  regard  to  these,  it  seems  necessary  to  name  them.  The  first  was 
the  Nicaragua  Canal  Board,  whose  work  was  done  in  about  six  months 
in  1895.  The  second  was  the  Nicaragua  Canal  Commission,  appointed 
in  1897.  This  commission  had  at  its  disposal  about  9300  000,  and  made 
more  careful  surveys  and  studies  than  had  been  accomplished  pre- 
viously. It  completed  its  work  and  disbanded  in  1899.  The  author 
has  availed  himself  of  these  data,  but  seems  to  have  the  impression 
that  they  were  the  work  of  the  third  commission,  the  Isthmian  Canal 
Commission,  which  is  still  in  existence,  in  a  state  of  suspended  anima- 
tion. The  author's  references  to  this  commission  are  erroneous.  The 
first  two  commissions  were  concerned  only  with  the  Nicaragua  route. 
The  last  was  charged  with  the  broad  question  of  Trans -Isthmian  Canal 
communication.  About  $1  000  000  were  placed  at  its  disposal,  and 
four- fifths  of  this  sum  were  expended  for  the  Nicaragua  route.  The 
United  States  and  the  Maritime  Canal  Company  have  expended  a  total 
of  about  $1  500  000  in  surveys  of  the  Nicaragua  route,  and  probably 
two-thirds  of  this  have  been  expended  in  the  region  shown  on  the 
author's  map — about  one-quarter  of  the  route  in  length. 

There  was  good  reason  for  this  concentration  of  expenditure  on  so 
short  a  section,  for  here  are  great  difficulties  and  many  alternatives. 
They  are  less  in  other  sections.  From  Lake  Nicaragua  to  the  Pacific 
the  route  discovered  and  adopted  by  Colonel  Childs  has  been  accepted 
by  all  his  successors  save  one.  It  was  a  satisfactory  solution  of  the 
problem  in  that  section.  Of  the  lake  section  nothing  need  be  said 
here.  The  upper  river  section,  extending  from  the  lake  to  the  vicinity 
of  the  mouth  of  the  San  Carlos,  some  60  or  65  miles  by  the  river,  has 
its  best  practicable  solution  in  the  building  of  a  great  dam  across  the 
San  Juan  Biver,  near  the  mouth  of  that  tributary,  to  form  a  so-called 
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Mr.  Noble,  slack- water  navigation  above.  The  navigation  thus  obtained  would 
still  be  somewhat  hazardous  on  account  of  the  numerous  curves  and 
occasional  strong  currents,  but  the  tributaries  above  the  San  Carlos 
bring  in  little  sediment;  and  a  channel,  once  made,  could  be  easily 
maintained. 

The  real  problems  of  the  Nicaragua  route  are  the  regulation  of  lake 
level,  and  the  location,  construction  and  maintenance  of  the  section 
from  the  mouth  of  the  San  Carlos  to  the  sea;  they  will  be  referred  to 
in  inverse  order. 

Below  the  proposed  site  of  the  San  Juan  dam  the  tributaries  on 
the  left  bank  of  the  San  Juan  are  small.  The  largest,  the  San  Fran- 
cisco, drains  an  area  of  perhaps  65  sq.  miles,  and  has  a  maximum  dis- 
charge of  possibly  4  000  cu.  ft.  per  second.  The  other  streams  are 
smaller.  On  the  opposite  side  of  the  San  Juan  the  divide  is  about  50 
miles  distant,  and  is  a  lofty  range  of  mountains  with  volcanic  peaks 
rising  to  12  000  ft.  Commencing  with  the  San  Carlos  and  going  east- 
ward and  southward,  all  the  streams  flowing  down  the  slopes  of  these 
mountains  carry  sand.  The  San  Carlos,  the  largest  tributary  of  the 
San  Juan,  has  a  maximum  discharge  of  probably  100  000  cu.  ft.  per 
second.  It  transforms  the  channel  of  the  San  Juan  from  a  stable  one 
to  a  mass  of  shifting  sa^d  bars.  The  Costa  Bican  volcanoes  have  been 
known  to  erupt  vast  quantities  of  sand,  and  are  supposed  to  be  the 
main  source  of  the  supply  brought  down  by  the  San  Carlos  and  other 
streams. 

About  23  miles  below  the  mouth  of  the  San  Carlos  the  San  Juan 
receives  through  its  right  bank  its  next  largest  tributary,  the  Sera- 
piqui.  This  stream  has  an  estimated  maximum  discharge  of  about 
60  000  cu.  ft.  per  second.  Like  the  San  Carlos,  it  drains  the  northern 
slopes  of  the  Costa  Bican  volcanoes;  and,  again,  like  that  stream, 
it  is  a  great  sand  bearer.  The  author  proposes  to  dam  the  Sera- 
piqui.  So  far  as  known,  no  great  pool  could  be  formed  to  stop 
the  moving  sand  at  a  safe  distance  from  the  canal.  To  maintain 
the  full  depth  of  the  canal  at  the  crossing  would  be  at  best  an 
expensive  undertaking.  If  no  pool  of  magnitude  could  be  formed  the 
maximum  discharge  would  have  to  pass  over  waste- ways.  These  would 
be  works  of  great  magnitude,  second  only  to  those  required  in  the 
neighborhood  of  the  mouth  of  the  San  Carlos.  These  considerations 
have  been  generally  considered  fatal  to  a  canal  location  on  the  right 
bank  of  the  San  Juan. 

The  parties  employed  by  the  Isthmian  Canal  Commission  have 
developed  considerable  topography  not  shown  on  the  author's  map; 
and  that  map  shows  some  topography  not  yet  seen  except  by  the  eye 
of  faith;  it  would  be  difficult,  however,  for  one  not  familiar  with  the 
tropical  forest  conditions,  to  understand  why  such  small  results  have 
been  obtained  from  the  large  expenditures  made  in  this  section.     Yet 
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the  expenditures  have  been  made  carefully,  the  work  has  been  done  Mr.  Noble, 
with  zeal  and  intelligence,  and  the  apparently  small  results  are  due  to 
the  peculiarly  difficult  conditions.  In  the  hill  sections  one  may  walk 
the  ridges  at  a  rate  of  2  or  3  miles  per  hour;  but  in  locating  canal  lines 
one  seeks  level  ground,  which  in  this  region  of  heavy  rainfall  is  always 
swampy;  here,  a  transit  line,  cut  through  the  dense  vegetation, 
resembles  a  tunnel,  and  a  mere  reconnoissance  is  a  formidable  under- 
taking. The  trees  are  much  taller  in  the  low  ground  than  on  the  hills, 
so  that,  when  viewed  from  a  tree-top  or  other  elevated  point,  a  pountry 
of  low  hills  and  ravines  will  look  like  a  level  plain.  A  line  may  pass 
within  50  ft.  of  a  hill  and  its  existence  remain  unsuspected  until  cross- 
tunnels  are  cut  for  cross-sectioning.  In  such  a  country  hardly  any- 
thing is  known  of  the  topography  except  within  very  short  distances 
of  the  line  run.  With  a  pretty  full  knowledge  of  these  conditions  the 
speaker  must  question  whether  the  information  concerning  the  topog- 
raphy along  the  proposed  route  is  as  well  known  as  our  sanguine 
author  believes,  and  has  no  doubt  that  those  long  captivating  tangents 
would  suffer  if  the  line  were  surveyed.  It  is  not  likely  that  the  align- 
ment would  be  materially  better  than  that  now  obtained  on  the  left 
bank  of  the  San  Juan  where  the  minimum  radius  is  about  5  000  ft., 
excepting  a  single  curve  in  the  broad  harbor  channel  at  Qreytown. 

It  has  been  held  by  many  that  if  the  Caribbean  terminus  were  loca- 
ted south  of  the  mouth  of  the  Colorado  it  would  remain  clear  of  sand, 
the  San  Juan  being  considered  the  only  channel  supplying  it,  and  the 
drift  of  sand  being  supposed  to  be  entirely  northward.  The  investi- 
gations of  the  Nicaragua  Canal  Commission  showed  that  the  sea  shore 
is  of  sand,  as  far  south,  at  least,  as  the  mouth  of  the  Beventazon, 
which  drains  the  southern  slopes  of  the  Costa  Bican  volcanoes;  and 
all  the  streams  of  this  coast  may  be  sand  bearers.  To  the  north  of  the 
mouth  of  the  San  Juan  the  sandy  beach  extends  for  a  long  distance, 
but  the  streams  are  not  believed  to  be  sand  bearers. 

The  direction  of  the  littoral  current  appears  to  be  variable.  The 
author  states  that  he  observed  a  westward  current  '*  between  Harbor 
Head  and  the  canal  mouth  "  which  corresponds  to  a  current  up  the 
coast  to  the  northward.  The  Chief  Engineer  of  the  Nicaragua  Canal 
Commission  states:* 

*  *  The  littoral  current  off  this  coast  is  for  the  most  part  southward. 
On  the  hydrographic  charts  it  is  so  marked  with  a  velocity  of  from 
one  to  two  knots  per  hour.  During  the  year  1898  it  ran  southward 
about  eleven  months.  When  the  trade  winds  were  mildest  the  south- 
erly current  diminished  and  finally  stopped  and  then  flowed  gently 
northward  for  about  one  month.  I  was  told  by  the  sailors  and  fisher- 
men that  this  change  in  the  direction  of  the  current  was  expected  by 
them  each  year. " 

It  would  seem  that  the  author's  observations  were  taken  during  the 

*  "  Report  of  the  Nicara^rua  Canal  Commission/'  p.  61. 
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Mr.  Noble,  comparativelj  small  portion  of  the  year  when  the  cnrrent  was  north- 
erly. The  Chief  Engineer  condndes*  that  the  sand  is  **  not  carried 
by  the  littoral  current,  *  *  *  but  is  urged  along  the  shore  by 
wave  action." 

The  northeast  trades  blow  almost  constantly  on  this  coast,  which, 
except  in  the  bight  of  Greytown,  has  a  general  direction  only  a  little 
west  of  north.  It  is  not  a  little  puzzling  why  the  trades  should  pro- 
duce a  sand  movement  northward.  On  two  occasions  the  speaker 
yisited  the  shore  a  little  south  of  Harbor  Head ;  once  near  the  head  of 
Agua  Dulce  Lagoon,  6  or  8  miles  to  the  southward,  and  once  near  the 
mouth  of  the  River  Indio,  about  the  same  distance  to  the  northward, 
and  on  both  these  occasions  the  sand  movement  at  the  beach  was  to 
the  southward,  although  small  in  amount.  The  speaker  does  not  attach 
much  importance  to  these  few  casual  observations.  The  form  of  the 
lagoons  near  the  Colorado  mouth,  as  well  as  the  form  of  the  present 
outlet,  strongly  indicate  a  northerly  sand  drift  in  that  vicinity.  He  is 
inclined  to  believe,  however,  that  the  present  movement  is  not  great 
anywhere,  except  on  the  westerly  stretch  of  shore  from  the  point  at 
Harbor  Head  to  the  re-entrant  angle  at  the  head  of  the  bight.  In  this 
stretch  the  waves  raised  by  the  northeast  trade  fall  obliquely  on  the 
coast  and  produce  a  great  sand  movement  to  the  westward.  This  does 
not  extend  in  large  quantity  beyond  the  re-entrant  angle  of  the  coast 
line,  the  sand  being  caught  and  held  in  the  bight.  Although  the 
indications  are  strong  that  the  streams  are  now  bringing  down  less 
sand  than  formerly,  the  sand  movement  to  the  head  of  the  bight  may 
be  nearly  or  quite  as  great  as  ever,  the  sand  being  now  supplied  by 
erosion  from  the  point  of  Harbor  Head,  the  action  now  going  on  being 
a  straightening  of  the  shore  line. 

For  various  reasons  the  canal  entrance  near  Greytown  has  been 
located  in  the  Greytown  bight.  One  of  these  reasons,  which  it  is 
understood  controlled  the  Maritime  Canal  Company,  was  the  political 
necessity  of  placing  it  in  territory  undoubtedly  Nicaraguan,  the 
exact  boundary  not  having  been  defined  at  that  time;  another  reason 
was  to  avoid  crossing  the  lower  San  Juan,  one  of  the  delta  outlets  of 
the  main  river,  which,  even  in  its  reduced  condition,  is  still  a  large 
stream  and  is  supposed  to  carry  some  sand;  and  another  is  the  more 
sheltered  entrance  to  the  harbor. 

Any  harbor  jetty  located  along  this  westerly  stretch  of  coast  will 
intercept  the  sand  drift,  and  a  harbor  will  have  to  be  maintained  by 
dredging.  The  amount  may  be  anywhere  from  500  000  to  1  000  000 
cu.  yds.  per  year.  The  entrance  to  the  Suez  Canal  at  Port  Said  is 
maintained  in  the  same  way  under  like  conditions.  The  speaker 
concurs  with  the  majority  of  those  who  have  looked  into  the  subject, 
that  this  disadvantage,  considerable  as  it  is,  is  less  than  would  be 

•Ibid,p.eSL 
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encountered  at  the  crossing  of  the  Serapiqxd  by  a  canal  on  the  sonth  Mr.  Noble, 
side  of  the  San  Juan. 

There  appears  to  be  little  sand  movement  north  of  the  Grejtown 
bight.  This  has  led  different  engineers  to  propose  a  harbor  near  the 
mouth  of  the  Indio,  where  the  conditions  for  economical  maintenance 
are  probably  as  favorable  as  anywhere  on  the  coast. 

The  speaker  will  not  discuss  at  length  the  proposed  plan  of  dam 
construction.  Its  location  below  the  mouth  of  the  San  Carlos  is 
necessary,  for  the  author's  route,  to  avoid  choking  the  canal  with  sand 
at  the  crossing  of  the  San  Carlos.  The  great  pool  thus  formed  would 
extend  several  miles  above  the  crossing,  and  the  sand  would  be 
dropped  at  the  head  of  the  pooL  There  being  no  rock  foundation 
within  reach,  a  rock-fill  is  perhaps  the  only  dam  construction  practi- 
cable at  any  point  below  the  mouth  of  the  San  Carlos.  The  great 
objection  to  such  a  dam,  with  an  overflow  as  designed  by  the  author, 
is  that  it  will  not  fully  serve  the  purposes  for  which  a  dam  is  re- 
quired. 

In  its  natural  state  Lake  Nicaragua  has  an  extreme  oscillation  of 
from  10  to  15  ft.  The  variation  in  any  single  year  may  not  greatly 
exceed  6  or  8  ft.  If  the  project  of  the  Isthmian  Canal  Commission 
should  be  carried  out,  the  length  of  the  summit-level  from  the  San 
Juan  dam,  up  the  San  Juan  Biver,  then  across  Lake  Nicaragua  and 
the  continental  divide  beyond  it  to  the  first  lock,  will  be  about  .135 
miles,  of  which  69  miles  will  require  deepening.  Obviously,  every 
foot  in  depth  of  excavation  is  a  large  amount,  and  it  is  extremely 
desirable  to  hold  the  level  of  Lake  Nicaragua  as  high  as  practicable. 
At  the  same  time  it  is  not  permissible  to  raise  the  high  stage  of  the 
lake  above  the  normal.  The  attempt  has  been  made,  therefore,  to 
design  regulating  works  which  will  enable  the  extreme  oscillations  of 
the  lake  to  be  reduced  to  about  6  ft. ,  the  range  being  measured  from 
normal  extreme  high. 

In  the  lake  region  the  year  is  divided  into  two  seasons,  a  wet  and  a 
dry.  One  of  the  important  results  of  the  work  of  the  Nicaragua  Canal 
Commission  was  the  discovery  of  the  fact  that  during  some  years  the 
lake  inflow  is  less  than  the  evaporation,  and  the  outflow  is  at  the  ex- 
pense of  storage.  It  would  be  necessary  to  build  the  canal  works  so 
that  at  the  close  of  the  wet  season  the  outflow  from  the  lake  could  be 
stopped  entirely.  The  crest  of  the  dam,  therefore,  must  be  at  high- 
water  level  or  higher.  An  overflow  dam  with  a  fixed  crest  is  inadmis- 
sible. 

On  the  other  hand,  to  prevent  too  high  a  stage  during  a  wet  season 
of  excessive  precipitation,  provision  must  be  made  for  a  very  large  dis- 
charge from  the  summit-level.  For  this,  a  low  crest  is  required. 
These  two  requirements,  a  high  crest  during  one  set  of  conditions  and 
a  low  crest  during  another  set,  result  in  a  movable  dam. 


842  DISGUSSIOK  ON  NIGABAGUA   CANAL.  [Pt^ierB. 

Mr.  Noble.  The  author's  dam,  therefore,  must  be  built  above  the  highest  water 
level  and  have  no  overflow  at  any  time.  Waste- ways  with  movable 
crests,  or  possibly  nnder-slnices,  mnst  be  provided  with  a  capacity  of 
more  than  100  000  ca.*  ft.  per  second.  No  suitable  locality  with  rock 
foundations  at  moderate  depths  is  known,  and  the  constructions 
required'  would  be  enormously  expensive.  A  few  miJes  above  the 
mouth  of  the  San  Carlos  a  site  has  been  found  where  a  masonry  dam 
can  be  placed  across  the  river  on  solid  rock,  its  crest  provided  with 
movable  weirs  which  can  be  supplemented  by  a  waste-way  of  similar 
character  on  a  favorable  site,  to  any  extent  necessary,  and  all  at 
reasonable  cost.  The  location  above  the  mouth  of  the  San  Carlos  is 
believed  to  be  preferable,  not  only  by  reason  of  more  favorable  con- 
ditions for  building,  but  because  it  is  not  necessary  to  provide  for 
wasting  the  San  Carlos  floods. 

The  speaker  believes  that  the  line  proposed  by  the  author  intro- 
duces more  serious  difficulties  than  it  avoids,  and  that  the  dam  does 
not  meet  the  requirements  of  the  problem. 

*  The  plan  of  placing  regulating  weirs  in  the  San  Carlos  Ridge  has 
been  studied  for  twelve  or  more  years,  and  by  the  three  United  States 
Commissions,  among  others.  It  is  to  be  considered  only  in  connec- 
tion with  the  Ochoa  Dam  which  is  located  where  the  San  Carlos  Ridge 
terminates,  at  its  northerly  end,  at  the  San  Juan.  This  place  was 
not  considered  favorable  for  a  dam  by  either  of  these  Commissions, 
and  attention  was  first  given  to  the  search  for  a  better  one  and  with 
success;  the  San  Carlos  Ridge  does  not  connect  with  the  new  dam 
site,  and  no  further  physical  examination  of  it  was  made.  At  the  new 
dam  site,  rock  is  within  easy  reach  by  the  pneumatic  process,  the 
rock  in  the  adjacent  hills  affords  satisfactory  abutments,  and  a  large 
quantity  of  water  could  be  passed  over  it  without  danger  to  the 
structure.  In  the  connecting  ridge  on  the  San  Carlos  side  an  excellent 
site  was  found  for  a  waste- way  where  hard  rock  at  a  moderate  depth 
was  developed  by  borings.  The  two  waterways,  counting  the  dam  as 
one,  both  equipped  with  movable  dams  or  sluices,  would  give  a  safe 
control  of  the  summit  level  of  the  canaL 

*  There  are  several  small  gaps  or  saddles  in  the  San  Carlos  Ridge 
where  the  ground  is  below,  or  but  little  above  the  proposed  summit 
level.  The  engineer  of  the  Maritime  Canal  Company  proposed  to 
build  several  small  weirs  and  sluices  in  the  ridge,  and,  at  two  sites, 
made  a  few  borings  which  do  not  appear  to  have  reached  rock, 
although  sunk  to  considerable  depths.  The  quantity  of  water  to  be 
discharged  was  greatly  under-estimated.  The  material,  a  hard  clay, 
might  have  served  for  foundations  of  small  structures,  but  waste-ways 
for  the  discharge  of,  say,  200  000  cu.  ft.  of  water  per  second  would  be 
enormous  structures,  and  should  be  founded  on  hard,  sound  rock. 

*  Added  to  the  original  discussion  after  reading  Mr.  North's  question  on  page  6CS^ 
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T^ith  rook  snrfaoe  as  far  down  as  it  appears  to  be  in  the  San  Carlos  Mr.  Noble. 
Bidge,  the  cost  of  snch  structures  would  be  very  great. 

The  clay  hills  in  Nicaragua  appear  to  have  been  formed  entirely 
by  rock  decay  at  the  places  where  they  now  exist.  Many  borings  have 
been  made  on  the  left  bank  of  the  river  on  the  located  canal  line  of 
the  Isthmian  Canal  Commission.  In  the  vicinity  of  Ochoa  the  rock 
is  lower  and  its  upper  portion  more  decayed  than  further  up  the 
river. 

The  question  as  to  the  discharge  of  the  water  of  the  San  Francisco 
implies  the  canal  location^  through  the  so-called  East  Divide.  Of 
course,  the  waters  could  be  thus  discharged,  but  they  could  be  wasted 
quite  as  well  over  a  waste- way  in  their  own  valley  as  to  be  conducted 
through  several  canal  sections,  thus  setting  up  currents  therein.  The 
waste- way  would  be  a  small  structure.  The  discharge  from  the  San 
Francisco  is  smaller  than  formerly  supposed. 

Edward  P.  Nobth,  Ikf.  Am.  Soc.  C.  E. — Have  those  who  are  study-  Mr.  North, 
ing  this  Isthmian  Canal  project  considered  the  practicability  of  placing 
regulating  weirs,  for  controlling  the  height  of  Lake  Nicaragua,  in  what 
is  known  as  the  San  Carlos  Ridge? 

It  has  been  represented  that  this  ridge,  for  an  approximate  distance 
of  5  miles,  has  depressions  below  the  desired  elevation  of  Lake 
Nicaragua.  A  weir  or  weirs  in  this  ridge,  capable  of  passing  200  000 
cu  ft.  of  water  per  second  would  probably  carry  the  San  Carlos  sand 
out  of  the  canal  Nor  is  there  any  apparent  reason  why,  with  a  high- 
level  canal,  the  waters  of  the  San  Francisco  could  not  be  passed 
through  the  same  weir. 

L.  M.  Haupt,  M.  Am.  Soc.  C.  E.  (by  letter). — Although  the  issue  Mr.  Haupt. 
as  to  the  relative  importance  of  the  two  routes  is  at  present  of  minor 
importance,  there  are  certain  statements  of  fact  in  this  paper  which 
seem  to  be  worthy  of  further  discussion. 

For  example,  the  author  states  as  follows: 

First  —"The  majority  of  this  sand,  but  not  all,  comes  from  the 
Colorado  mouth  of  the  San  Juan,  and  is  transported  westward  by  wave 
action  along  the  beach,  on  which  the  waves  strike  diagonally,  under 
the  influence  of  the  prevailing  easterly  winds.  '* 

In  the  following  paragraph  it  is  stated : 

**  The  conditions  at  the  mouth  of  the  Colorado  are  quite  different, 
and  present  a  nearly  stable  equilibrium.  *  *  *  There  has  been  no 
appreciable  change,  up  to  the  present  time,  at  the  Colorado  mouth, 
while  great  changes  have  taken  place  at  Greytown,  *  *  *  The 
whole  geological  and  physical  evidence  of  this  locality  points  conclu- 
sively to  the  fact  that  the  whole  littoral,  from  the  highlands  at  the 
mouth  of  the  Colorado  to  the  present  canal  mouth,  is  in  a  condition  of 
constant  accretion.  '* 

.  The  writer  cannot  concur  with  the  author  as  to  the  interpretation 

of  the  physical  changes,  or  their  causes,  along  this  portion  of  that 
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Mr.  Haupt.  ooast,  for  tbej  seem  to  be  ooatradiotory,  and  do  not  appear  to  conform 
to  the  recorded  facts.  If  the  greater  part  of  the  sand  comes  from  the 
mouth  of  the  Colorado,  it  would  seem  reasonable  to  find  an  extended, 
protruding  bar;  and,  if  the  conditions  are  in  stable  equilibrium,  it  is 
difficult  to  understand  how  this  locality  can  be  in  a  condition  of  "con- 
stant accretion,"  or  how  the  northeasterly  trades  can  drive  this  sand  to 
the  bight  of  the  coast  and  close  the  former  harbor,  when  the  general 
trend  of  the  coast  at  the  mouth  is  nearly  south,  as  may  be  seen  from 
the  map,  Plate  XXXVHL* 

Moreover,  the  long  and  narrow  lagoons  to  the  northward  of  the 
mouth  are  very  suggestive  as  to  the  outlet  having  been,  at  no  very 
remote  date,  some  8  miles  farther  north  than  it  is  to-day. 

The  following  extract  from  the  writer's  diary  would  seem  to  con- 
firm the  thought  that  the  littoral  drift  does  not  travel  from  the  mouth 
northward  in  the  face  of  the  winds,  but  from  the  salient  southward: 

*'Thurs.  Jan.  6th,  1898. — Inspection  of  beach  to  Rio  Tauro. 
Breakers  discolored  for  800  to  400  ft.  out,  where  they  begin  breaking, 
probably  in  12-ft.  depths.  Old,  large  trees  of  hardwood  standing  in 
and  on  edge  of  breakers.  Have  been  there  about  20  years,  according 
to  our  guide.  (Some  whit«  mangroves  were  17  ft.  in  circumference.) 
Beached  the  mouth  of  the  Tauro  from  Harbor  Head  Lagoon  at  3. 10 
p.  M.,  and  found  it  had  shifted  }  mile  south  of  its  position  on  former 
maps,  and,  although  the  sea  was  breaking  normaUy  to  the  coast,  the 
creepers  and  drift  were  inclined  to  the  southward.  Frequent  outcrops 
of  hard  clay  protruded  into  the  breakers,  showing  active  erosion,  and 
accounting  for  the  discoloration.  The  beach  formed  a  rampart  about 
6  ft.  above  low  water,  and  its  inner  slope  terminated  in  a  swamp 
covered  with  Silico  palms.  *' 

The  clay  in  situ  and  the  trees  of  more  than  a  century  old  standing 
in  the  water  indicated  to  the  writer  that  there  was  erosion  rather  than 
**  constant  accretion,'*  and  this  view  is  further  confirmed  by  the  com- 
parative study  of  the  charts,  for,  on  January  1st,  the  diary  records  that 
the  average  recession  of  the  beach  at  and  near  the  salient  east  of 
Harbor  Head  Lagoon  is  found  to  be  at  the  rate  of  30  ft.  i>er  annum, 
while,  in  the  bight  to  the  westward,  and  south  of  the  Bio  Indio,  there 
has  been  an  advance  of  46  ft.  per  annum.  Between  these  localities  of 
"  cut "  and  *'  fiU  '*  there  is  such  a  neutral  axis  as  the  Board  of  1895  men- 
tioned in  their  report,  but  it  is  several  miles  west  of  the  point  stated 
in  that  report,  and  only  a  short  distance  east  of  the  1  000- ft.  pier  built 
by  the  Maritime  Canal  Company.  This  pier  was  quite  successful  in 
arresting  the  westward-moving  drift  and  in  advancing  the  foreshore 
for  several  miles  to  the  eastward,  while  that  to  the  westward  has 
receded. 

Second, — The  author  concludes,  from  the  premises,  as  interpreted, 
that  it  is  utterly  impossible  to  restore  the  harbor;  and  he  endorses  the 
location  of  the  entrance  at  the  salient  east  of  Harbor  Head,  because  of 
the  more  stable  conditions. 

•  Proceeding*^  Am.  Soc.  C.  E.,  for  October,  1908. 
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An  examination  of  all  the  available  charts  from  1832  to  date,  while  Mr.  Haupt. 
on  the  spot,  and  a  critical  analysis  and  stndy  of  the  movements  of  the 
sandy  cordon  which  finalJy  enclosed  Qreytown  Harbor,  have  been  made 
by  the  writer.  From  these  data  it  was  found  that  the  average  rate  of 
progression  of  the  point  was  291  ft.  per  annum,  and  the  average  quan- 
tity of  material  deposited  was  582  000  cu.  yds.  per  annum.  *' At  the 
same  rate,  to  close  the  harbor  would  require  9  000  divided  by  291 ,  or 
31  years — which,  added  to  1884,  gives  1865,  at  which  date  it  actually 
closed." 

The  capacity  of  the  beach  to  impound  the  drift,  if  a  jetty  were  built 
out  1  000  ft.  east  of  the  present  structure  and  extended  3  300  ft.  to  the 
7-fathom  contour,  would  be  16  600  000  cu.  yds.,  and  it  would  require 
129  years  to  fill  it.  After  this,  because  of  the  steeper  slope  and  longer 
reach,  the  annual  advance  of  the  shore  line  would  not  exceed  24  linear 
feet. 

From  these  studies,  the  writer  concluded  that  the  problem  of 
restoring  an  excellent  harbor  was  quite  practicable  and  relatively  in- 
expensive. The  remarkable  series  of  interior  lagoons,  lying,  as  they 
do,  to  the  west  of  the  river,  with  their  axes  nearly  parallel  to  one 
another  and  at  intervals  varying  from  3  000  to  3  750  ft.  apart,  demon- 
strates the  cyclic  character  of  the  movement  due  to  the  constancy  of 
the  prevailing  forces,  and  serves  to  simplify  this  problem. 

In  his  report  thereon.  Professor  Henry  Mitchell,  late  of  the  United 
States  Coast  Survey,  said : 

"  The  rate  of  advance  will  be  reduced  from  year  to  year,  because 
the  base  of  the  triangle  will  extend  farther  and  farther  eastward. 
*  ♦  *  The  examination  »  ♦  *  has  satisfied  me  that  a  recon- 
struction of  the  harbor  is  practicable.  *' 

His  estimate  of  the  average  annual  drift,  based  on  a  shorter  period, 
was  730  000  cu.  yds.,  or  more  than  it  is  at  the  present  time. 

The  Isthmian  Canal  Commission  believes  the  harbor  can  be  created 
at  Greytown  for  a  much  smaller  sum  than  at  Colon,  and  has  thus 
reported  It  has  located  the  proposed  entrance  to  the  westward  of 
Harbor  Head,  as  being  better  than  the  mouth  of  the  Colorado,  and  the 
former  has  the  additional  advantage  of  avoiding  the  severe  freshets 
and  the  sediment  from  the  large  rivers  on  the  Costa  Bica  bank  of  the 
the  San  Juan. 

The  availability  of  this  southerly  route,  of  necessity,  must  depend 
upon  its  accessibility  from  the  sea,  and,  if  it  be  true  that  the  '*  majority 
of  the  sand  "  (if  not  all)  "  comes  from  the  Colorado,"  and  two  jetties 
would  be  required,  aided  by  dredging,  to  maintain  an  opening  of  suffi- 
cient depth,  it  would  seem  to  present  a  less  favorable  condition  than 
the  point  selected  by  the  Commission. 

The  survey  from  which  the  hydrography  has  been  compiled  appears 
to  be  that  made  by  the  Nicaragua  Canal  Commission,  and  it  shows  the 
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Hr.  Haupt.  direction  and  intensity  of  the  littoral  currents  off  the  month  of  thtr 
Colorado  to  be  0.3  and  0.34  knot  per  honr,  setting  to  the  southward. 
As  this  is  important  in  the  consideration  of  the  direction  of  the  drift, 
it  should  not  be  omitted  from  the  available  data. 

Until  the  question  of  route  is  determined  finally  by  the  Goyem- 
ment  it  would  seem  to  be  superfluous  to  consider  further  the  details 
of  this  interesting  and  important  subject. 

Mr.  Pafichke.  Thsodobe  Pasghee,  M.  Am.  Soc.  G.  E.  (by  letter). — The  author  has. 
advanced  a  new  idea  in  the  construction  of  rock-fill  dams.  The  writer 
considers  the  idea  of  a  steel- chain  net,  in  connection  with  the  con- 
struction of  a  rock-fill  dam,  a  step  in  the  right  direction,  and  analogous 
to  the  progressive  practice  of  steel  and  concrete  construction  in  other 
branches. 

Where  is  the  engineer  of  practical  field  experience,  who,  under 
certain  conditions,  has  found  it  not  to  his  convenience  to  use  the  sand 
bag;  under  certain  other  conditions,  the  gabion;  and,  under  still 
different  conditions,  the  timber  or  log  crib  for  the  retention  of  loose 
rock?  And  is  the  evolution  from  the  latter  to  the  steel-chain  net,  or 
bag,  such  an  irrational  one? 

It  seems  to  the  writer  that  it  is  perfectly  rational,  and  he  concedes 
most  readily  any  credit  due  to  the  author  for  the  novelty  thereof. 

However,  the  writer  takes  serious  exceptions  to  the  dependence 
placed  by  the  author  on  the  steel-chain  net  for  keeping  the  rock-fill 
in  place  pt'rmanently  in  an  overflow  dam.  The  writer  is  very  much 
afraid  that  all  the  author's  fine  calculations  would  come  to  naught 
during  an  overfiow  15  ft.  deep,  as  he  has  assumed,  over  such  a  dam. 

But  there  are  other  plentiful  opportunities,  in  the  large  field  of  our 
profession,  where  the  engineer,  confronted  with  certain  conditions  and 
problems,  would  hail  this  idea  of  steel-chain  bags  as  a  godsend. 

For  instance,  without  leaving  the  field  of  Isthmian  Canal  engineer- 
ing, we  need  only  turn  to  the  problem  of  temporary  dams,  as  presented 
by  that  "old  master"  of  engineering,  G.  S.  Morison,  Past-President,. 
Am.  Soc.  C.  £.,  in  his  paper  on  the  Bohio  Dam,  recently  discussed  by 
this  Society,  or  for  that  matter  to  the  very  rock-fiU  dams  proposed  by 
him.  This  would  do  away  entirely  with  the  temporary  dam,  in  hi& 
case,  which  latter  dam  seemed  to  perturb  him  not  a  little. 

In  other  words,  the  writer  contends  that,  in  the  construction  of 
rock-fill  dams  not  designed  to  take  an  overflow,  the  use  of  the  steel 
chain  proposed  by  the  author,  in  net  or  bag  form,  as  a  guard  against 
sudden  floods  during  their  construction  is  entirely  feasible  and  prac- 
tical,  provided  the  period  of  construction  is  not  prolonged  beyond  a 
few  seasons. 

The  old  adage,  which  is  so  well  exemplified  here  in  our  own  blessed 
country  and  symbolized  on  our  coat  of  arms,  vu:  "  In  Union  there  is 
Strength,"  is  the  underlying  principle  of  the  idea  advanced  by  the 
author;  and  who  will  gainsay  it? 
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B.  S.  BandoijPH,  M.  Am.  Soc.  C.  £.  (by  letter). — There  is  another  Mr.  Randolph, 
factor  affecting  the  question  of  '*  momentum  grades/'  which  Mr.  Dennis 
does  not  appear  to  have  mentioned :  This  consists  in  the  surplus  energy 
stored  in  the  boiler  after  a  level  or  down-hill  run,  where  the  use  of 
steam  has  been  for  some  time  less  than  the  boiler  production. 

No  locomotive  has  yet  been  built  which  can  supply  steam  for  an 
indefinite  period  as  fast  as  it  can  be  used  in  the  cylinders,  even  at  an 
■economical  speed;  but,  by  virtue  of  this  stored  energy,  when  the  steam 
is  at  full  boiler  pressure,  a  locomotive  can  haul  a  much  greater  load 
than  can  be  hauled  continuously.  In  ascending  a  long  grade,  a  point 
will  be  reached  beyond  which  the  possible  load  will  depend  entirely 
on  the  capacity  of  the  boiler  to  produce  steam  for  current  use. 

The  distance  of  this  point  from  the  foot  of  the  grade  will  be  a 
function  of  the  momentum  and  this  stored  energy. 

For  all  grades  having  a  length  less  than  this  distance  it  would  be 
possible,  therefore,  to  increase  the  rate,  and,  by  making  a  correspond- 
ing decrease  in  the  length,  not  affect  the  maximum  load.  Attention  is 
called  to  a  practical  application  of  this  in  Mr.  Dennis'  paper. 

To  any  engineer  of  experience  in  the  location  of  railways  numerous 
examples  will  occur  where  such  an  arrangement  will  result  in  no  small 
saving  in  construction  costs. 

*  This  discussion  (of  the  pe^^r  by  A.  C.  Dennis,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings  for  November,  1908),  is  printed  in  Proceedings  in  order  that  tiie  views 
expressed  may  be  brought  before  all  members  of  the  Society  of  further  discussion. 

Communications  on  this  subject  received  prior  to  January  S8d,  1906,  will  be  pub- 
lished subsequently. 
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Mr.  Randolph.  Some  years  ago,  when  connected  with  railway  constmotion,  the 
writer  began  the  collection  of  data  bearing  on  this  subject,  with  the 
view  of  developing  some  facts  of  practical  value.  Subsequent  engage- 
ments in  an  entirely  different  direction  prevented  further  work  on 
this  line,  but  it  has  always  seemed  to  be  a  field  for  investigation  of  no 
small  value  in  the  economic  construction  of  railways.  This  paper 
would  appear  to  furnish  valuable  data  for  such  a  study. 

Mr.  Mazimoff.  S.  Maximoff,*  Esq.— The  subject  to  which  attention  is  called  by 
Mr.  Dennis'  paper  is  very  interesting  indeed;  and  yet  it  is  true  that  it 
has  never  been  discussed  sufficiently. 

As  questions  of  the  same  kind  are  arising  in  Bussia  from  time  to 
time,  the  speaker's  intention  is  to  give  some  general  idea  as  to  what  is 
being  done  there,  as  far  as  he  is  able  to  do  so,  not  being  in  possession 
of  exact  figures. 

Fixing  grades  is  one  of  the  most  delicate  operations  in  the  problem 
of  location  of  railroads,  and,  practically,  it  has  to  be  revised  every 
time  that  the  increase  in  traffic  makes  it  necessary  to  undertake  further 
developments.  It  is  not  doubted  that  the  proper  location  of  mo- 
mentum grades  would  greatly  improve  existing  conditions,  and  this 
should  always  be  considered  in  the  first  installation. 

The  speaker  does  not  know  whether  railway  engineers  really  disap- 
prove of  momentum  grades.  He  believes,  on  the  contrary,  that  they 
always  introduce  them,  when  the  possibility  of  reducing  the  first  cost 
of  installation  is  clear;  but  in  some  cases  their  adoption  involves  an 
extra  expenditure  in  construction,  and  one  should  be  certain  that  the 
traffic  will  be  large  enough  to  justify  it. 

In  some  cases  the  difficulty  of  introducing  momentum  grades 
reaches  the  impossible.  The  location  of  bridges  and  other  railway 
constructions  is  oft-en  unchangeable;  and  the  necessity  for  protecting 
the  line  from  snow  exercises  a  very  peculiar  influence  on  the  profile  of 
the  road.  Shallow  excavations  are  regarded  as  the  most  dangerous  in 
this  respect,  and,  in  Russia,  the  recent  practice  in  such  cases  has  been 
to  make  the  excavation  like  an  embankment,  which  means,  that  the 
excavation  on  one  side  of  the  track  is  deepened  considerably  and  en- 
larged, and  the  roadbed  looks  somewhat  higher  than  other  parts  of  the- 
excavation,  as  on  the  new  lines  of  the  Moscow-Biazan- Kazan  Bailroad^ 
for  example. 

Sometimes,  also,  a  curved  transition  in  vertical  plane  from  one 
grade  to  another  is  used,  which  is  also  favorably  reported  as  modify- 
ing the  shock  in  the  angle. 

The  difference  of  level  between  two  divisional  points  can  generally 
be  varied  only  within  small  limits,  and  the  author  himself  thinks  that 
the  grades  out  of  a  divisional  point  should  be  reduced  to  a  somewhat 
lower  grade  than  at  other  points. 

*  Engineer  of  Ways  of  Communication,  St.  Petersburg,  Russia. 
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Now,  the  grades,  cnrTatores  and  other  technical  features  of  every  Mr.  Mazimoff. 
new  railroad  in  Russia  must  be  approved  by  the  Government;  that 
is  what  is  called  the  *'  technical  conditions  "  and  is  always  printed. 

The  same  is  required  for  every  further  development,  and  the  sets 
of  technical  conditions  furnish  the  mo»t  valuable  material  for  the 
study  of  the  history  and  present  state  of  railway  engineering  in  Russia. 
In  flat  country  the  steepest  grades  only  exceptionally  exceed  1%, 
and  one  of  the  oldest  and  best  equipped  roads,  namely,  the  Yladikav- 
kas  Railway,  found  it  advantageous  to  rebuild  its  main  line,  while 
reducing  the  highest  grade  to  0.6^,  at  an  expense  of  some  $15  000  000. 

The  distance  between  the  stations  very  seldom  exceeds  20  miles, 
for  the  purpose  of  providing  water  supply  for  the  locomotives;  and, 
after  some  years,  it  is  invariably  reduced  by  opening  intermediate  stop 
and  crossing  points;  aad,  usually,  level  grades,  or  grades  not  exceeding 
0.2^,  for  further  location  of  stations,  are  provided  within  every  6  to 
10  miles,  of  course,  on  a  suflScient  length  of  track. 

Even  in  the  distance  of  5  miles  there  is  good  reason  to  take  care  of 
momentum  grades,  bat  frequent  stops  change  very  substantially  the 
conditions  of  riding,  and  the  stations  occupy  a  very  large  percentage 
of  the  whole  length  of  the  line. 

Add,  too,  that  the  organization  of  movement  of  trains  on  Russian 
railroads  differs  very  materially  from  the  practice  in  this  country. 

The  freight  trains  are  not  always  composed  of  the  fnll  number  of 
cars,  and  their  later  arrival  is  regarded  as  less  important  if  it  does  not 
disturb  the  movement  of  passenger  trains. 

The  largest  number  of  cars  now  admitted  in  one  train  is  nearly 
seventy  empty  cars,  and  the  length  of  the  main  track  varies  between 
2  000  and  2  300  ft.  on  small  crossing  stations.  Thus  the  desire  to 
increase  the  number  of  cars  in  the  train  involves  an  extra  expenditure 
on  the  stations  and  increases  the  diflSoulty  of  handling,  maintaining 
and  inspecting  them.  On  the  other  hand,  it  is  practically  restricted 
by  the  strength  of  coupling  accommodations. 

The  number  of  cars  at  the  disposal  of  each  railroad  in  Russia, 
Government  or  private,  is  regulated  by  the  Government  according  to 
the  demands  of  the  daily  traflSc,  and  iBvery  car  can  be  run  on  every 
track  of  the  Empire,  except  on  a  few  railways  of  small  gauge. 

The  commercial  side  of  this  mutual  exchange  is  regulated  by  rea- 
sonable laws.  That  state  of  things  has  great  advantages,  and  the 
troubles  on  the  grain-carrying  railroads  of  the  South  of  Russia  were 
diminished  considerably  after  its  adoption;  but  it  has  also  some  incon- 
veniences, because  all  substantial  improvements  of  the  rolling  stock 
must  be  undertaken  almost  simultaneously. 

In  a  very  few  cases  the  introduction  of  momentum  grades  would 
lead  to  increasing  the  speed  at 'the  foot  of  those  grades,  and  thus 
necessitate  the  adoption  of  heavier  types  of  rails,  thus  involving  addi- 
tional expense  or  a  great  variety  of  types  of  rails. 
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Mr.  Maximoff.  Another  unfavorable  oircnmstance  is  that  the  elevation  of  the  rails 
on  carves  is  always  adapted  to  quick-moving  passenger  trains,  and  the 
wheels  of  the  cars  of  a  heavy  freight  train,  by  want  of  centrifngal 
force,  are  pressed  against  the  interior  rail,  thus  increasing  the  resist- 
anoe.  In  the  technical  conditions  it  is  mentioned  that  the  resistance  of 
a  train  moviug  on  a  grade  on  a  curve  must  be  the  same  as  on  the  high- 
est grade  without  curvature;  that  means  that  in  curvature  the  grades 
must  be  reduced;  but  it  Is  very  difficult  to  ascertain  whether  in  prac- 
tice this  rule  is  followed  carefully,  and,  even  if  the  passenger  trains 
move  under  good  conditions,  the  freight  trains  may  be  somewhat  neg- 
lected in  such  respect. 

Thus,  many  different  circumstances,  pro  and  contra,  fight  the  intro- 
duction of  momentum  grades,  and,  in  fact,  all  their  theoretical  advan- 
tages may  be  destroyed  by  some  intractability  on  the  part  of  the 
engineering  personnel,  or  may  become  of  minor  importance  in  the 
presence  of  other  urgent  improvements  of  a  commercial  nature;  but 
still  the  speaker  fully  agrees  with  the  author  tnat  the  lack  of  good 
experiments  leads  to  lack  of  attention  to  this  subject. 

In  Russia  the  calculation  of  virtual  grades  is  generally  made  by 
using  the  formula  of  General  Petroff,  whose  remarkable  studies  on 
the  friction  and  on  the  resistance  of  trains  are  printed  in  Russian  and 
French,  and  are  thus  accessible  to  American  engineers.  Further 
developments  are  necessary,  however. 

To  make  good  experiments  is  a  difficult  task;  and  great  f anils  are 
often  committed  by  very  able  men,  especially  in  the  determination 
of  the  grade,  which  always  needs  the  most  precise  leveling. 

During  construction  the  grades  are  often  executed  by  the  contrac- 
tors, and  not  exactly  in  accordance  with  the  drawings.  Even  in  the 
maintenance  of  the  railroad,  considerable  changes  may  occur  by  the 
renewal  of  ballast.  For  example,  the  speaker  once  was  told  that  a 
certain  station,  after  some  few  years  of  existence,  instead  of  being  on 
a  level  grade,  was  found  to  be  on  a  O.S%  grade.  If  the  greatest  pre- 
eautions  for  an  exact  determination  of  the  grade  be  not  taken,  the 
results  of  experiments  may  become  entirely  wrong. 

The  conditions  of  the  roadbed,  whether  frozen  or  not,  that  is, 
whether  more  or  less  elastic,  are  also  to  be  examined  carefully,  and  the 
latest  practice  is  to  use  the  photographic  method  of  observation,  as  de- 
veloped by  Mr.  Vassiontynski,  Engineer  of  Ways  of  Communication. 

For  eliminating,  as  far  as  possible,  the  influence  of  the  personal 
ability  of  the  engineer  of  the  train,  the  apparatus  of  Mr.  Livtsnak 
was  found  of  great  value,  showing  to  the  locomotive  man  the  profile 
of  the  line,  the  position  of  the  engine,  and  its  speed  at  every  moment. 

Russian  rolling  stock  is  somewhat  different  from  American,  and 
the  author's  conclusions  cannot  be  adapted  entirely  to  the  peculiar 
Russian  conditions. 
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The  subject  is  of  gpreat  interest  and  of  considerable  importance,  Mr.  Maximoff. 
■and  is  treated  very  successfully  by  the  author. 

John  A.  FiriiTON,  M.  Am.  Soc.  C.  E.  (by  letter).— The  writer  has  Mr.  Tulion. 
made  some  experiments  to  find  out  what  speeds  a  specific  freight  train 
ought  to  be  able  to  make,  on  various  rates  of  grade,  with  the  ultimate 
object  of  determining  to  what  extent  it  is  practicable  to  use  momen- 
tum grades. 

One  of  the  conclusions  he  arrived  at,  and  which  might,  perhaps, 
have  been  accepted  beforehand,  is,  that  every  rate  of  grade  has  its 
corresponding  normal  speed  for  any  specific  train,  and  that  every 
speed  has  its  normal  grade  for  that  train. 

A  train  which  can  maintain  a  uniform  speed  of  15  miles  per  hour 
on  a  long  4-  0.70^  grade  can  maintain  a  uniform  speed  of  40  miles 
per  hour  on  a  —  0.20^  grade;  and  if  at  any  moment  that  train  is  act- 
ually running  at  a  speed  of  40  miles  per  hour,  it  is  virtually  running 
down  hill,  although  the  profile  grade  at  that  point  may  be  very  decid- 
edly up  hill. 

Another  conclusion  arrived  at  is,  that  momentum  already  acquired 
has  but  a  limited  field  of  influence,  and  cannot  be  spread  out  indefi- 
nitely over  a  long,  steep  grade. 

A  train  running  from  A  to  B,  5  or  6  miles  distant,  starting  from  a 
Btate  of  rest  at  A,  and  working  steam  continuously,  will  have  substan- 
tiaUy  the  same  speed  at  B  as  if  it  had  left  A  with  a  high  speed,  of,  say^ 
40  miles  per  hour. 

The  writer's  diagram.  Fig.  7,  for  a  +  0.40)^  ruling  grade,  is  based 
on  the  assumption  that  the  combination  of  engine  and  train  will  be 
such  that  it  can  maintain  continuously  a  speed  of  10  miles  per  hour 
on  a  -|-  0.40\  grade  of  unlimited  length. 

This  is  a  somewhat  lighter  load,  assuming  the  same  engine  for  each, 
than  one  which  could  make  only  7  miles  per  hour  on  a  -f-0.40X  grade, 
which  the  author  has  assumed. 

On  comparing  the  performances  of  the  train,  as  indicated  by  the 
Author's  diagram,  with  those  of  the  lighter  train,  by  the  writer's  dia- 
gram, it  will  be  seen  that  this  lighter  train  does  not  acquire  quite  as 
bigh  speeds  in  a  given  distance,  and  loses  speed  more  quickly  on  an 
adverse  grade. 

These  differences  are  generally  slight,  but,  in  some  cases,  as  on  a 
+  0. 10^  grade  and  with  an  initial  speed  of  30  miles  per  hour,  the  re- 
sulting speed  at  the  end  of  one  mile  of  such  -f  0.10^  grade  would  be 
129  miles  per  hour,  according  to  the  author's  diagram,  while,  according 
to  the  writer's  diagram,  this  engine  hauling  a  lighter  train  would  have 
a  speed  of  only  25  miles  per  hour. 

On  comparing  the  author's  and  the  writer's  diagrams,  for  +  0.50^ 
and  -f  0.60%  ruling  grades,  similar  differences  appear. 

It  may  be  said,  therefore,  that  the  writer's  diagrams,  adapted  best  to 
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Mr.  FultoiL  engines  having  abont  56-m.  drivers,  g^ve  results  a  little  more  conserv- 
ative than  those  of  the  author. 

The  author  notes  a  considerable  drop  in  steam  power  after  passing 
the  first  mile,  indicating  that  his  train  is  too  heavy  even  for  the  7-mile 
continuous  speed  on  a  +  0.40^  grade,  and  that  the  apparent  differ- 
ences between  the  results  on  the  two  diagrams  are  not  quite  as  great  as 
the  actual  differences. 

It  is  probable  that  these  differences  are  largely  due  to  the  widely 
different  values  ascribed  to  train  resistance. 

It  seems  incredible  that  train  resistance  can  be  substantially  a  con- 
stant quantity  for  all  freight-train  speeds. 

If  that  were  true,  then  a  freight  train,  having  an  initial  speed  of,  say, 
40  miles  per  hour  when  commencing  the  descent  of  a  —  0.30^  grade 
(the  author's  4.7  lbs.  per  ton  is  the  equivalent  of  a  +  0,22%  grade), 
would  continue  to  increase  Id  speed  indefinitely,  and  would  "run 
away  "  even  with  steam  shut  off. 


19  M. 


16  M. 


Speed  lli|iited,to 


89  M. 


OV. 


Fio.  6. 


According  to  the  writer's  method,  this  train,  adapted,  as  noted,  for 
a  4-  0.40%  ruling  grade,  would  slow  down  to  about  36  miles  per  hour 
even  when  working  steam  to  the  best  advantage;  and,  if  not  working 
steam,  but  running  by  gravity  alone,  it  would  slow  down  to  16  miles 
per  hour,  for  the  reason  that  the  train  resistance  at  this  latter  speed 
would  be  about  6  lbs.  per  ton,  or  equivalent  to  a  -}-  0.30%  grade. 

Mr.  Wellington's  experiments  in  '*  coasting  "  down  a — 0.70%  grade 

coincide  almost  exactly  with  the  values  determined  from  the  Engineer- 

V 
ing  News*  formula  for  train  resistance  (i?  =  2  -f-  j) ;  and  it  seems 

probable  that  this  formula  is  close  enough  for  all  practical  purposes. 

The  method  of  using  the  diagram  will  be  understood  from  the 
sketch,  Fig.  6,  and  may  be  described  as  follows : 

Select  the  initial  speed  on  the  curved  line  representing  the  grade 
in  question;  follow  that  curve  a  distance  equal  to  the  grade  length,  and 
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Mr.  Fulton,  read  the  speed  at  that  point;  with  that  speed  on  the  curve  represent- 
ing the  next  grade  follow  along  that  curve,  as  on  the  former  curve,  and 
read  the  speed  as  before. 

The  sketch,  Fig.  6,  shows  how  it  is  sometimes  possible  to  build  a 
piece  of  railroad  on  apparent  0.70^  ruling  grades,  and  then  operate 
it  as  on  0.40%  ruling  grades. 
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MEMOIRS  OF  DECEASED  MEMBERS. 

NoTK.— Memoln  will  be  reproduced  In  the  Volumes  of  Tran8€u:tion8.  Any  informa- 
tioii  which  will  amplify  the  records  as  here  printed,  or  correct  any  errors,  should  be 
forwarded  to  the  Secretary  prior  to  the  final  publication. 


OEOReE  SEABS  GREENE,*  Past-President  and  Hon.  M.  Am.  Soc.  C.  E. 


DiBD  Januart  28th,  1899. 


Gtoorge  Sears  Oreene,  son  of  Caleb  and  Sarah  Robinson  Oreene, 
was  bom  at  Apponaug,  in  the  Town  of  Warwick,  Rhode  Island,  on 
May  6th,  1801. 

He  was  a  descendant,  in  the  seventh  generation,  from  John  Greene^ 
a  snrgeon,  who  came  to  America  in  1635,  from  Salisbury,  England, 
and  settled  in  Warwick  in  1642.  Among  his  descendants,  in  the  fifth 
generation,  was  General  Nathanael  Greene,  who  was  a  distinguished 
officer  in  the  American  Army  in  the  War  for  Independence. 

The  subject  of  this  memoir  entered  the  United  States  Military 
Academy  at  West  Point  in  1819.  During  the  last  year  of  his  academic 
course  he  was  Acting  Assistant  Professor  of  Mathematics.  In  June, 
1823,  he  was  graduated  second  in  his  class,  was  appointed  Second 
Lieutenant  of  Artillery,  and  was  detailed  as  Assistant  Professor  of 
Mathematics  and  Engineering  in  the  Academy,  and  continued  there 
until  1827,  with  the  exception  of  four  months'  service  in  the  Artillery 
School  at  Fortress  Monroe  in  1824.  On  leaving  West  Point  he  served 
with  his  regiment,  the  Third  Artillery,  on.  garrison  duty  in  Maine, 
Rhode  Island  and  Massachusetts,  and  on  ordnance  duty. 

In  May,  1829,  he  was  promoted  to  a  First  Lieutenancy.  On  June 
30th,  1836,  he  resigned  his  commission  in  the  Army  and  entered  on 
the  practice  of  civil  engineering,  engaging  in  the  construction  of  rail- 
roads in  North  Carolina,  Maine,  Massachusetts,  Rhode  Island  and 
Maryland. 

In  1856  he  was  retained  by  the  Croton  Aqueduct  Department  of 
New  York  City,  and  for  six  years  was  occupied  in  the  design  and  con- 
struction of  works  for  the  extension  of  the  water  supply,  comprising 
the  large  distributing  reservoir  in  Central  Park,  38  ft.  deep,  and 
covering  96  acres;  the  construction  of  a  wrought-iron  pipe,  90.5  ins. 
in  diameter  and  1  400  ft.  long,  on  High  Bridge,  across  the  Harlem 
River;  and  the  laying  of  a  cast-iron  pipe,  60  ins.  in  diameter  and 
4  116  ft.  long,  across  Manhattan  Yalley. 

There  were  at  that  time  no  eramples  of  similar  works  of  equal 
magnitude  with  these.      The  plans  and  specifications  prepared  for 

*  Memoirprepared  by  J.  James  R.  Croes,  L.  L.  Buck  and  O.  8.  Greene,  Jr.,  Members, 
Am.  Soc.  C.  E.,  Oonmiittee  appointed  by  the  Board  of  Direction. 
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these  works  by  Captain  Greene  were  carefully  elaborated,  and 
embodied  several  novel  features  in  reservoir  and  pipe  constmction, 
among  whioh  were  the  precautions  taken  against  leakage  and  loss  of 
water  by  founding  the  puddle  walls  in  the  surrounding  embankments 
on  concrete  laid  in  trenches  in  the  solid  rock;  by  constructing  a 
division  embankment,  with  its  top  3  ft.  below  the  full  water  line  of 
the  reservoir,  and  having  in  its  center  a  puddle  wall  founded  on 
•concrete  resting  on  rock,  and  having  upon  it  a  toothing  wall  of  brick 
masonry,  4  ft.  high,  which  the  puddle  embraced;  by  lining  the  water 
faces  of  all  embankments  with  a  pavement  of  masonry  on  a  bed  of  con- 
crete; and  by  requiring  all  embankments  to  be  built  up  in  thin  layers 
rolled  with  a  grooved  roller. 

Another  novel  practice  was  the  use  of  concrete  in  large  masses 
^rendered  practicable  by  the  invention  of  the  stone  crusher  in  1858 
by  Eli  Whitney  Blake),  and  the  reduction  of  cost  and  increase  of 
specific  gravity  of  the  mass  by  the  insertion  of  large  un wrought  stones. 
There  was  also  no  precedent  for  the  construction  of  the  90-in.  wrought- 
iron  pipe  across  High  Bridge,  more  than  J  mile  long  supported  on 
saddles  which  rest  on  rollers,  thus  permitting  changes  in  length 
caused  by  variations  in  temperature  to  be  taken  up  by  a  stuffing  box 
at  each  end  of  the  pipe. 

In  the  case  of  the  pipe  across  Manhattan  Yalley,  which  was  of 
12  ins.  greater  diameter  than  any  cast-iron  water  pipe  previously 
manufactured.  Captain  Greene's  investigations,  of  the  material  and 
methods  of  manufacture  then  existing,  led  him  to  discard  the  ordi- 
nary hub  joint  and  to  have  the  pipes  cast  as  straight  cylinders,  with 
the  joints  made  by  half -sleeves  bolted  together.  No  leaks  or  fractures 
have  occurred  in  these  pipes,  while,  in  the  case  of  a  line  of  6- ft.  cast- 
iron  pip'e  with  hub  joints,  laid  some  years  later,  under  other  auspices, 
most  of  the  joints  failed  under  pressure  when  water  was  turned  on. 

The  works  which  Captain  Greene  had  designed  were  well  under 
way  when  the  attempt  was  made  to  destroy  the  integrity  of  the  Union. 
He  responded  promptly  to  his  country's  call,  and  went  to  the  front 
in  January,  1862,  as  Colonel  of  the  60th  Regiment,  New  York  Volun- 
teers. On  April  8th,  1862,  he  was  commissioned  as  Brigadier  General, 
United  States  Volunteers,  and  served  in  the  Army  of  Northern  Vir- 
ginia and  the  Army  of  the  Potomac  until  September,  1863,  partici- 
pating in  the  battles  of  Cedar  Mountain,  Antietam,  Chancellorsville, 
numerous  minor  engagements,  and  Gettysburg,  where,  on  the  night 
of  July  2d,  1863,  his  brigade,  reduced  to  less  than  1  500  men,  held  the 
extreme  right  of  the  Federal  line  on  Gulp's  HiU  for  four  hours  against 
repeated  assaults  of  the  enemy,  and  defeated  the  strenuous  efforts 
made  to  turn  the  Federal  flank.  In  October,  1863,  his  brigade  accom- 
panied the  Twelfth  Army  Corps  to  Tennessee,  where  he  participated 
in  several  engagements,  until  October  28th,  when,  at  the  battle  of 
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Wanhatobie,  a  Minie  rifle  bullet  passed  tbrougb  bis  moutb,  coming 
out  tbrongh  bis  rigbt  obeek.  Even  tbis  severe  wonnd  only  disabled 
bim  temporarily,  tbanks  to  bis  vigorous  constitution  and  determined 
will.  He  did  not  even  go  into  bospital,  and  in  forty  days  was  able  to 
perform  court-martial  duty,  to  wbicb  be  was  assigned  and  on  wbicb 
be  served  until  January  26tb,  1865,  wben  be  rejoined  bis  brigade  in 
tbe  field  in  Nortb  Carolina  and  took  part  in  numerous  minor  engage- 
ments. On  Marcb  13tb,  1865,  be  was  commissioned  as  Brevet  Major 
General,  United  States  Volunteers,  for  '*  gallant  and  meritorious 
services."  He  served  on  garrison  and  court-martial  duty  in  Wasb- 
ington,  D.  C,  until  April  30tb,  1866,  wben  be  was  mustered  out  of 
tbe  service.  Tbis  terminated  General  Greene's  military  career,  except 
tbat  in  1894  Congress  passed  a  special  act  restoring  bim  to  tbe  Regular 
Army,  witb  tbe  rank  of  First  Lieutenant,  and  retiring  bim. 

In  civil  engineering,  bowever,  it  was  only  tbe  beginning  of  anotber 
twenty  years  of  active  practice,  at  an  age  wben  most  members  of  tbe 
profession  are  considering  retirement  from  practice. 

Tbe  Croton  Aqueduct  Department  of  New  York  City  bad  just 
reacbed  tbe  determination  to  construct  additional  storage  reservoirs 
in  tbe  Croton  Valley,  and,  after  a  year  spent  in  careful  examination 
And  comparison  of  several  sites,  tbe  availability  of  wbicb  bad  been 
made  apparent  by  a  comprebensive  survey  of  tbe  entire  valley  made 
several  years  before,  bad  decided,  on  Marcb  17tb,  1866,  to  construct 
tbe  first  of  sacb  reservoirs  at  Boyd's  Comers,  on  tbe  West  Brancb  of 
tbe  Croton  River,  wbere  it  was  found  tbat  a  dam,  78  ft.  bigb  from  bed- 
rock and  670  ft.  long  at  top  could  be  built  to  impound  2  700  million 
gallons.  Of  tbe  design  and  construction  of  tbis  work.  General  Greene 
took  cbarge  on  May  1st,  1866.  Tbere  were  no  American  precedents 
for  tbe  construction  of  dams  of  tbis  magnitude,  and  tbere  was  no 
literature  on  tbe  subject  in  tbe  Englisb  language.  Indeed,  tbe  only 
publisbfd  discussion  of  tbe  principles  wbicb  sbould  prevail  in  tbe 
design  of  bigb  masonry  dams  was  tbe  treatise  of  Sazilly  in  tbe  Annales 
des  Pants  et  ChaiissieSy  in  1853.  But,  witb  General  Greene's  tborougb 
scientific  education,  bis  long  experience  witb  materials  and  modes  of 
oonstruction,  and  bis  babits  of  prompt  decision,  accentuated,  no 
doubt,  by  bis  recent  active  participation  in  military  affairs,  it  did  not 
take  bim  long  to  decide  upon  a  plan  of  dam  in  wbicb  tbe  materials 
most  available  sbould  be  utilized,  witb  tbe  least  expenditure  of  time 
and  money,  and  so  disposed  as  to  produce  tbe  most  effective  results; 
and  on  August  28tb  tbe  contract  was  let  for  tbe  construction  of  tbe 
Boyd's  Comers  Dam. 

On  May  lltb,  1867,  on  tbe  retirement  of  tbe  late  Alfred  W.  Craven, 
Past-President,  Am.  Soc.  C.  E.,  from  tbe  position  of  Commissioner 
and  Cbief  Engineer  of  tbe  Croton  Aqueduct  Department,  General 
Greene  was  obosen  as  bis  successor,  and  beld  tbat  position  until  tbe 
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Department  was  abolished  by  the  charter  of  1870,  and  its  dntiea 
transferred  to  the  Department  of  Public  Works,  on  May  Ist,  of  that 
year.  General  Greene  remained  in  the  service  of  the  Department  until 
January  llth,  1871,  as  an  assistant  engineer. 

From  1868  to  1871  he  was  also  Consulting  Engineer  to  the  Mor> 
risania  Survey  Commission  which  inaugurated  the  system  of  exact 
topographical  surveys  and  monumenting  of  base  lines  and  of  street 
lines  which  has  since  been  extended  over  the  whole  of  what  is  now 
termed  the  Borough  of  the  Bronx,  under  the  specifications  framed 
by  the  engineers  to  this  Commission.  On  August  24th,  1871,  he  was 
appointed  Chief  Elngineer  of  the  newly  organized  Board  of  Public 
Works  of  the  District  of  Columbia,  with  instructions  to  devise  a  sys* 
tem  of  sewerage  for  the  City  of  Washington.  He  made  a  report  on 
this  subject,  but  his  connection  with  the  works  terminated  on  June 
24th,  1872,  and  he  returned  to  New  York,  and,  from  October,  1872,  to 
September,  1873,  was  Consulting  Engineer,  to  the  Department  of  Public 
Parks,  on  communications  across  the  Harlem  Biver  by  bridges  and 
tunnels. 

In  the  year  1873  he  was  also  occupied  as  one  of  a  Board  of  Engi- 
neers to  examine  the  surveys  and  estimate  the  cost  of  a  ship  canal 
from  Lake  Champlain  to  the  St.  Lawrence  Biver;  and  as  a  member 
of  an  Engineer  Commission  to  test  the  working  and  construction 
of  water  meters  for  New  York  City.  He  was  also  called  upon 
to  examine  projects  for  extending  and  improving  the  water  supply 
of  Detroit,  and  on  August,  15th,  1874,  in  conjunction  with  his  col- 
league in  the  investigation.  General  Godfrey  Weitzel,  reported  that 
filtration  was  necessary  to  ensure  purity  in  the  water  drawn  from 
either  Lake  St.  Clair  or  the  Detroit  Biver.  This  suggestion  was 
too  far  in  advance  of  the  times  to  be  regarded  favorably  by  the 
authorities. 

On  June  1st,  1874,  he  was  appointed  Civil  and  Topographical  En- 
gineer to  the  Department  of  Public  Parks  of  New  York  City,  in 
charge  of  the  designing  of  the  street  system  for  the  then  recently  an- 
nexed district  north  of  the  Harlem  Biver,  now  designated  the  Bor- 
ough of  the  Bronx.  Some  studies  of  plans  for  streets  were 
made  by  him,  but  on  November  5th,  1875,  he  was  transferred  to 
the  position  of  Elngineer  of  Construction  of  Streets  and  Sewers,  in 
that  District,  which  office  he  held  until  October  3d,  1877.  The 
most  important  of  the  works  of  which  he  had  charge  during  this 
period  was  the  main  outfall  sewer  of  Brook  Avenue,  which  drains  an 
area  of  2  615  acres  and  has  a  gradient  of  only  1  ft.  in  2  618  ft. 
It  is  an  arched  conduit  of  brick,  12  ft.  wide  and  9.88  ft.  high,  the  bot- 
tom being  below  the  water  level  in  the  Harlem  River,  into  which  it 
discharges.  The  specifications  for  this  work  were  very  complete  and 
thorough,  and  were  deemed  worthy  of  preservation,  as  an  example  of 
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what  such  a  document  onght  to  be,  in  the  American  reprint  of  Bald- 
win Latham's  book  on  Sewerage,  issued  in  1877. 

In  the  consideration  of  the  question  of  rapid  transit  in  New  York 
City,  between  1866  and  1880,  General  Greene  took  an  important  part. 
The  Legislature  of  1866  designated  Mr.  A.  W.  Craven,  the  engineer  of 
the  Croton  Aqueduct  Board,  as  one  of  the  members  of  a  Commission 
to  report  upon  the  most  advantageous  and  proper  routes  for  the 
transportation  of  passengers  in  New  York  City;  and  the  task  of  ex- 
amining critically  the  numerous  suggestions  made  to  that  Commis- 
sion devolved  largely  upon  General  Greene,  Mr.  Craven's  associate  in 
this  work.  The  conclusion  reached  by  the  Commission  was  that  the 
best  method  of  attaining  the  desired  end  was  by  the  construction  of 
underground  railways.  The  New  York  City  Central  Underground 
Railway  Company  was  incorporated  in  1869,  and  at  once  caused  ex- 
aminations of  its  proposed  routes  to  be  made  by  W.  W.  Evans,  E.  8. 
Chesbrough  and  General  Greene,  and  their  report,  estimating  the  cost 
of  the  road  from  City  Hall  Park  to  Harlem  Biver  at  $17  625  301,  and 
expressing  the  opinion  that  *'the  work  in  question  will  pay,"  was 
presented  on  October  19th,  1869.  Capital  could  not  be  procured  to 
carry  out  these  plans.  In  1871  General  Greene,  as  consulting  engineer 
to  the  Beach  Pneumatic  Railway  Company,  advocated  the  construc- 
tion of  a  railroad  under  Broadway.  When  underground  roads  were 
found  to  be  impracticable  for  the  time,  he  was  engaged  in  1873  to 
consider  the  plans  for  the  construction  of  the  Greenwich  Street  ele- 
vated railway  from  Rector  Street  to  Thirtieth  Street.  Six  years  later, 
when  the  extension  of  the  elevated  railroad  system  was  agitated,  he 
was  appointed  engineer  to  the  Rapid  Transit  Commission  of  April  2d, 
1879,  which  established  the  route  and  prepared  the  plans  for  the  cross- 
ing of  the  Harlem  River  at  Eighth  Avenue  and  155th  Street,  and  or- 
ganized the  West  Side  and  Yonkers  Rapid  Transit  Company,  which 
built  the  bridge  there.  This  Commission  also  organized  companies 
and  had  plans  and  specifications  prepared  for  a  rapid  transit  railroad 
from  the  City  Hall  to  Forty-second  Street,  and  for  several  new  lines 
of  road  in  the  Borough  of  the  Bronx,  but  the  Courts  decided 
that  their  powers  had  been  exhausted  by  the  organization  of  one 
company. 

Of  the  hydraulic  and  sanitary  works  on  which,  at  about  this 
period,  General  Greene's  opinion  was  sought,  may  be  mentioned  the 
water  supply  for  Yonkers,  New  York,  in  1874;  projects  for  the  sewer- 
age of  Providence,  Rhode  Island,  in  1875;  and  the  enlargement  of  the 
water-works  of  Troy,  New  York,  in  1877.  In  1883  he  was  one  of  the 
engineers  called  upon  by  the  Commissioner  of  Public  Works  of  New 
York  City  to  advise  upon  the  plans  prepared  for  the  New  Croton 
Aqueduct. 

On  March  6th,  1886,  he  was  appointed  by  the  Aqueduct  Commis- 
sioners as  one  of  a  Board  of  Examining  Engineers  to  investigate 
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charges  which  had  been  made  affecting  the  management  and  the  con- 
dition of  the  work  which  had  been  done.  Such  was  his  physical  vigor 
even  at  his  advanced  age  that  he  insisted  on  walking  through  the  en- 
tire length  of  the  tunnels,  examining  closely  everything  as  he  went, 
a  task  to  which  his  associates.  Generals  Newton  and  Gillmore,  found 
themselves  unequal,  although  nearly  twenty -five  years  his  juniors. 
This  was  his'  last  professional  service,  but  he  maintained  his  mental 
vigor  and  much  of  his  physical  strength  until  his  death,  which 
occurred  on  January  28th,  1899,  at  his  home  in  Morristown,  New 
Jersey. 

In  his  whole  career  as  a  civil  engineer.  General  Greene,  while  cau- 
tious and  conservative,  was  progressive,  and  kept  fully  abreast  of 
all  advances  in  his  profession.  He  was  one  of  the  original  members 
of  the  American  Society  of  Civil  Engineers,  established  November 
5th,  1852,  was  President  of  the  Society  for  two  years  beginning  No- 
vember 3d,  1875,  and  was  elected  an  Honorary  Member  on  October 
26th,  1888. 

In  social  life  he  was  fond  of  companionship,  and  was  greatly  be- 
loved by  a  large  circle  of  friends  of  all  ages  to  whom  the  stores  of 
information  acquired  in  his  long  career  of  close  study  and  acute 
observation,  and  preserved  in  his  remarkably  retentive  memory,  were 
freely  unfolded.  An  enthusiastic  member  of  the  Military  Order  of  The 
Loyal  Legion,  the  reunions  of  that  association  were  a  source  of  great 
enjoyment  to  him  as  well  as  to  his  old  comrades.  He  esteemed  particu- 
larly the  hereditary  feature  of  the  organization,  taking,  as  he  did, 
great  interest  in  genealogical  studies.  He  was,  for  several  years.  Presi- 
dent of  the  New  York  Genealogical  and  Biographical  Society.  He  was» 
also,  for  thirty-one  years,  a  member  of  the  Century  Association  of  New 
York  City. 

On  July  14th,  1828,  he  was  married  to  Elizabeth,  daughter  of 
David  and  Mary  (At well)  Vinton,  of  Providence,  Rhode  Island.  She 
died  on  December  26th,  1832.  On  February  21st,  1837,  he  married 
Martha,  daughter  of  Samuel  Dana,  of  Charlestown,  Massachusetts,  for 
many  years  a  Representative  in  Congress.  Five  sons  and  a  daughter 
were  the  offspring  of  this  marriage. 


SAMUEL  BARRETT  GUSHING,*  M.  Am.  Soc.  C.  E. 


Died  Degembeb  2d,  1888. 


Samuel  Barrett  Cushing,  Junior,  was  bom  in  Providence,  Rhode 
Island,  on  July  21st,  1846,  and  was  the  son  of  a  Member  of  the 

*  Memoir  prraared  by  the  Secretary  from  information  furnished  by  Edwin  P.  Daw- 
ley  and  George  C.  Tingley,  Members,  Am.  Soc.  C.  £.,  and  W.  C.  Simmons,  Esq. 
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American  Society  of  Civil  Engineers  who  was  considered  among  the 
first  of  the  hydraulic  engineers  of  his  day.*  Yonng  Gushing's  early 
education  was  obtained  in  the  public  schools  of  Providence,  and  in 
May,  1866,  on  being  graduated  from  the  High  School,  he  entered  his 
father's  office.  On  the  death  of  his  father,  in  1873,  Mr.  Gushing  suc- 
ceeded to  the  business.  His  ability  was  recognized  by  the  Supreme 
Court  of  the  State,  which  appointed  him  to  succeed  his  father,  and 
gave  him  authority  to  regulate  the  taking  and  use  for  power  of  the 
water  of  the  Blackstone  River  at.Fawtucket  and  Woonsocket,  under 
the  decree  based  upon  his  father's  investigations  and  report. 

The  rearrangement  of  the  railroad  terminal  facilities  in  Providence, 
recently  accomplished,  a  matter  in  which  the  municipality  and  the 
railway  corporations  were  jointly  concerned,  ^vas  for  many  years  a 
subject  for  consideration  and  report  by  various  commissions.  The 
elder  Gushing  was  engineer  to  one  of  the  earlier  of  these  bodies,  the 
Commissioners  of  the  Gove  Lands,  which  presented  its  report;  in  1873, 
but,  as  he  was  in  feeble  health  when  the  engineering  work  was  done, 
the  plans  submitted  by  this  commission  were  those  of  the  son.  An- 
other work  of  consequence  in  the  elder  Gushing's  charge  at  the  time 
of  -his  death  was  the  building  of  the  dam  of  the  Flat  River  Reseryoir, 
which  flowed  an  area  of  900  acres,  and  this  work  the  young  man  car- 
ried to  completion. 

In  railroad  work,  Mr.  Gushing  made  preliminary  surveys  for  a  line 
from  Ashland  to  Lowell,  Massachusetts,  passing  through  Framing- 
ham,  Way  land  and  Concord,  also  a  line  from  Northbridge  to  Milford, 
Massachusetts,  and  made  the  preliminary  survey  and  located  the 
Webster  Branch  of  the  Boston  and  Albany  Railroad,  from  Webster  to 
Rochdale,  Massachusetts.  He  was  the  local  engineer  at  Providence  of 
the  Boston  and  Providence  and  the  Providence  and  Worcester  Rail- 
roads, and  constructed  the  East  Providence  Branch  of  the  latter  road, 
from  Valley  Falls  to  tidewater  in  East  Providence. 

Much  of  his  practice  was  devoted  to  foundations.  He  built  the 
Arkwright  Dam,  the  Blackstone  Dam,  the  Barden  Reservoir  Dam  and 
the  Happy  Hollow  Dam,  and  was  Consulting  Engineer  on  the  construc- 
tion of  the  dam  of  the  Diamond  Hill  Reservoir  for  the  Pawtucket 
Water- Works.  On  the  construction  of  these  works,  he  was  appointed 
by  the  Court,  as  Commissioner,  to  Award  Damages  to  the  Mill  Owners 
of  Pawtucket  and  Central  Falls  for  water  taken  from  the  Abbott  Run 
bv  the  water-works. 

He  was  considered  by  the  Town  of  Cumberland,  Rhode  Island,  as 
its  eoglneer,  and  designed  and  built  several  highway  bridges  over  the 
Blackstone  in  that  town.  Six  bridges  over  the  Abbott  Run,  a  tribu- 
tary of  the  Blackstone,  were  also  built  by  him.  Among  the  larger 
single  pieces  of  work  he  undertook  were  the  coal  pockets  on  the  Lons- 

♦  For  Memoir  of  Samuel  Barrett  Gushing,  Senior,  see  Proceedings^  Am.  Soc.  C.  E., 
Vol.  1,  p.  48. 
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dale  Company's  wharf  at  Proyidenoe,  and  the  foundations  for  the 
large  chimney  of  the  Narragansett  Electric  Lighting  Company  in 
Proyidence,*  on  which  he  was  engaged  at  the  time  of  his  death.  He 
was  of  qniet  and  gentlemanly  tastes  and  was  highly  esteemed  by  those 
with  whom  he  was  associated. 

Some  of  the  Members  of  the  American  Society  of  Ciyil  Engineers 
commenced  their  careers  in  the  office  of  the  Messrs.  Cnshing,  among 
them  being  Messrs.  Elmer  L.  Corthell,  Desmond  FitzCterald,  J.  Albert 
Monroe,  Gkorge  C.  Tingley,  Richard  H.  Tingley,  Henry  W.  Parkhnrst 
and  William  H.  G.  Temple. 

Mr.  Cusbing  was  elected  a  Member  of  the  American  Society  of 
Ciyil  Engineers  on  June  Ist,  1887. 


CHARLES  FLETCHER  HILLMAN,t  M.  Am.  Soc.  C.  £. 


DiBD  Jttne  14th,  1902. 


Charles  Fletcher  Hillman  was  bom  on  December  19th,  1835,  at 
Albany,  New  York,  and  was  educated  at  the  New  York  State  Normal 
School. 

From  Noyember,  1853,  to  February,  1855,  he  was  located  at 
Windsor,  Canada  West,  as  Assistant  Draftsman  to  Associate  Chief 
Engineer  William  Scott,  of  the  Great  Western  Railway  of  Canada, 
and  was  employed  on  surveys  of  the  proposed  branch  from  Amherst- 
burg  to  Baptiste  Creek.  In  1855  he  was  Assistant  Engineer  on 
the  preliminary  plans  and  estimates  for  the  Canada  Southern  Rail- 
way, from  Niagara  Falls  to  Detroit,  Michigan;  and  Principal  As- 
sistant Engineer  on  surveys  for  a  proposed  harbor  at  Two  Creeks, 
on  the  North  Shore  of  Lake  Erie.  From  1855  to  1857  he  was 
Assistant  Engineer  on  the  location  and  construction  of  the  De- 
troit and  Milwaukee  Railway,  between  Ionia  and  Grand  Haven, 
Michigan. 

In  1857  he  accepted  an  engagement  from  Mr.  Henry  Meiggs  to 
work  on  the  **Ferrocarril  del  Sur,"  and  from  that  year  until  1864 
he  was  Assistant  Engineer  to  the  late  Anthony  Walton  Whyte 
Evans,  M.  Am.  Soc.  C.  E.,  on  the  various  State  Railways  of  Chile, 
being  engaged  on  the  surveys  and  construction  of  the  lines  be- 
tween Santiago  and  San  Fernando,  and  between  Santiago  and  Val- 
paraiso. 

Mr.  Hillman  was  the  Contracting  Engineer  for  the  Tongoy  Railway 
of  Chile  in  the  years  1865  to  1868;  and  from  1870  to  1876  he  was  Chief 

*  Transactions^  Am.  Soc.  C.  E.,  Vol.  xxv,  p.  1. 
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Engineer  on  the  oonstmction  of  the  Palmilla  Branch  and  of  the  com- 
pleted portion  of  the  Chile  Sonthem  Bailway ,  from  Santiago  to  Cnrico. 
In  1871  he  undertook  the  construction  of  part  of  the  tramcar  lines  in 
Valparaiso. 

The  last  railways  built  by  Mr.  Hillman,  before  retiring  from 
active  service,  were  those  between  Angol  and  Traigu^n  and  between 
Benaico  and  Victoria  in  1884.  In  the  construction  of  these  roads 
he  was  in  partnership  with  Mr.  Stephen  Mayers.  On  account  of 
delays  and  difficulties  caused  by  the  construction  of  the  high  bridge 
over  the  Malleco,  near  GoUipulli,  which  was  under  the  charge  of  the 
Government  Engineer,  Mr.  Lastarria,  the  latter  section  was  turned 
over  to  the  Government  before  it  was  fully  completed. 

On  several  occasions  Mr.  Hillman  was  appointed  by  the  Chilean 
Government  to  give  information  on  technical  matters,  and  was  always 
a  warm  friend  of  the  Chileans,  both  at  home  and  abroad. 

Some  years  ago  Mr.  Hillman  introduced  the  manufacture  of 
matches  in  Chile  by  the  establishment  of  a  factory  at  Bancagua. 
This  factory  was  afterward  removed  to  Santiago.  During  the 
last  years  of  his  life  he  acted  as  one  of  the  Directors  of  the  Santiago 
Gas  Company,  and  to  his  influence  are  due  the  facilities  given  by  the 
Company  for  the  use  of  gas  in  the  industries. 

Mr.  Hillman  was  one  of  the  most  prominent  and  influential  members 
of  the  American  colony  in  Santiago.  He  was  a  member  of  the  Board 
of  Trustees  of  Union  Church,  of  the  Sunday  School,  and  of  various 
philanthropic  and  social  institutions.  On  several  occasions  he  deliv- 
ered lectures  on  behalf  of  charitable  objects.  He  contributed  to  the 
press  a  number  of  articles  on  important  railway  problems,  several  of 
them  being  on  the  relative  merits  of  English  and  American  systems  of 
equipment  and  rolling  stock.  Under  the  pseudonym  of  ^'Quien 
Sabe,"  he  published,  in  1901,  a  volume  of  some  300  pages,  entitled 
"Old  Timers,  British  and  American,  in  Chile,''  which  is  a  most  valu- 
able contribution  to  the  history  of  Anglo-American  influence  in  the 
growth  and  development  of  Chile.  This  work  first  appeared  as  a  series 
of  articles  contributed  to  Our  Young  People,  of  which  Mr.  Hillman 
was,  for  several  years,  one  of  the  Associate  Editors. 

Mr.  Hillman  took  great  interest  in  the  educational  work  of  his 
church,  and  not  only  contributed  toward  the  outfit  of  the  college 
established  in  Santiago,  but  used  his  influence  with  others  for  the 
same  purpose.  He  took  special  interest  in  becoming  acquainted  with 
the  scholars,  individually,  and  accepted  honorary  membership  in  the 
Alumni  Association. 

In  1862  Mr.  Hillman  was  married  to  Miss  Caroline  Haviland,  a 
daughter  of  Samuel  Frost  Haviland,  Esq.,  an  American  gentleman, 
resident  in  Chile.  Of  the  seven  children  born  to  them  only  three 
remain. 
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In  1896  and  1897,  accompanied  by  bis  family,  Mr.  Hillman  made  an 
extended  visit  to  tbe  United  States,  bis  first  visit  since  bis  arrival  in 
Cbile.  They  came  by  way  of  San  Francisco,  and  retomed  by  tbe  East, 
visiting  Europe  on  tbe  way  back.  Dnring  1901,  in  company  witb  bis 
wife,  be  made  anotber  trip  to  tbe  Unit^  States  to  visit  bis  yonngest 
daugbter  wbo  was  bere  in  scbool.  He  did  not  remain  long,  bowever, 
on  account  of  tbe  illness  of  Mrs.  Hillman. 

Mr.  Hillman  was  elected  a  Member  of  tbe  American  Society  of  Civil 
Engineers  on  July  5tb,  1876.  He  was  elected  a  Member  of  tbe  Institu- 
tion of  Civil  Engineers  on  April  4tb,  1882.  He  was  one  of  tbe  founders 
of  tbe  ''  Sociedad  de  Fomento  Fabnl,"  was  a  member  of  tbe  Council  of 
Directors,  and  was  zealous  in  tbe  work  of  tbat  society. 


ASULEY  BEMIS  TOWEB,«  M.  Am.  Soc.  C.  £. 


DnsD  July  8th,  1901. 


Asbley  Bemis  Tower  was  born  in  tbe  Town  of  Windsor,  Massa- 
cbusetts,  on  June  26tb,  1847,  being  tbe  youngest  son  of  Stepben  D. 
and  Estber  E.  Tower,  and  one  of  a  family  of  ten  cbildren. 

He  was  of  tbe  eigbtb  generation  descended  from  Jobn  Tower,  wbo 
in  1637,  during  tbe  religious  troubles  of  tbat  time,  came  from  Hing- 
bam,  Norfolk  County,  England,  and  settled  -at  Hingbam,  Massacbu- 
setts,  belping  to  found  tbat  town.  Mr.  Tower's  ancestors  on  bis 
fatber's  side  fougbt  in  botb  King  Pbilip's  and  tbe  Revolutionary 
Wars. 

Early  in  1854  tbe  family  moved  to  Dalton,  Massacbusetts,  wbere  be 
received  a  common  scbool  education,  and,  witb  bis  fatber,  worked 
upon  tbe  farm.  At  the  age  of  twenty-one,  Mr.  Tower  went  to  New- 
burg,  New  York,  and  there  learned  tbe  carpenter's  trade  witb  an  older 
brother. 

In  1871  Mr.  Tower  left  Newburg  for  Holyoke,  Massacbusetts,  to 
enter  tbe  engineering  office  of  anotber  brother,  D.  H.  Tower,  wbere  for 
seven  years  he  studied  and  labored,  preparing  himself  for  tbe  profes- 
sion which  be  afterward  made  bis  life  work. 

During  tbe  fall  of  1878  tbe  brothers  became  associated  under  tbe 
firm  name  of  D.  H.  and  A.  B.  Tower,  to  carry  on  a  business  as  arcbi- 
tects  and  civil  engineers.  They  were  pioneers  in  tbe  practical  design 
of  paper  mills,  and  soon  reached  an  enviable  position  in  tbat  brancb 
of  tbe  profession. 

During  tbe  thirteen  years  tbat  they  were  together,  a  great  many  of 
tbe  paper,  pulp  and  fiber  mills  built  in  tbe  United  States  were  designed 
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by  them.  They  also  furnished  plans  for  mills  erected  in  Canada, 
Brazil,  Germany,  Japan  and  Australia,  and  desigpied  several  textile 
mills. 

During  the  years  1884  and  1885,  Mr.  Tower  visited  Europe  twice  in 
order  to  study  foreign  methods  of  paper-mill  construction. 

In  January,  1892,  the  partnership  was  dissolved,  and  Mr.  Tower 
carried  on  the  business  himself  until  February,  1893,  when  Mr.  George 
F.  Hardy  became  associated  with  him  under  the  firm  name  of  A.  B. 
Tower  and  Company.  This  arrangement  was  continued  until  March, 
1896,  when  Mr.  Hardy  retired,  aod  again  Mr.  Tower  went  on  with  the 
work  alone. 

In  1897,  owing  to  increased  business  and  the  necessity  for  a  more 
central  location,  the  o£Bces  were  moved  from  Holyoke  to  New  York 
City.  During  October  of  the  same  year,  the  firm  became  Tower  and 
Wallace,  in  which  Joseph  H.  Wallace,  M.  Am.  Soc.  C.  £.,  was  junior 
member.  Mr.  Wallace  retired  in  February,  1901,  and  Mr.  Tower 
remained  alone  until  the  time  of  his  death,  which  occurred  very 
suddenly,  at  his  home  in  Montclair,  New  Jersey,  on  July  8th,  1901. 

For  a  number  of  years  Mr.  Tower  was  Consulting  Engineer  for  the 
American  Sulphite  Company,  and  in  1881  was  elected  City  Engineer 
of  Holyoke,  Massachusetts,  which  position  he  held  for  three  years. 

He  was  a  man  of  fine  physique,  standing  more  than  6  ft.  in  height, 
always  courteous,  modest  and  frank. 

In  1875  he  married  Miss  Pamelia  J.  Fritts,  who  survives  him.  Mr. 
Tower  was  elected  a  Member  of  the  American  Society  of  Civil  Engi- 
neers on  October  3d,  1894;  he  was  also  a  Member  of  the  American 
Society  of  Mechanical  Engineers,  and  of  the  Canadian  Society  of  Civil 
Engineers,  and  was  well  up  in  Masonry,  being  a  Knights  Templar,  and 
a  32^  Mason  in  the  Scottish  Bite. 


JOHN  WOODBRIDeE  DAVIS,*  Assoc.  Am.  Soc.  C.  E. 


Died  Noyembeb  7th,  1902. 


John  Woodbridge  Davis  was  the  son  of  Dr.  Edwin  Hamilton  and 
L/ucy  Woodbridge  Davis.  His  father,  a  physician  of  New  York,  was 
Professor  of  Materia  Medica  and  Therapeutics  in  the  New  York 
Medical  College,  and  was  noted  also  for  his  investigations  and  dis- 
coveries in  the  ancient  mounds  of  the  Mississippi  Valley.  His  book 
on  the  subject  was  the  first  published  by  the  Smithsonian  Institution. 
The  family  stock  was  a  mingling  of  New  England  and  Southern 
elements. 


*  Memoir  prepared  by  J.  S.  Sewell. 
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Mr.  Davis  was  born  in  New  York  on  Angust  19th,  1854.  He 
received  his  earlier  education  at  public  and  private  schools  in  New 
York  and  Ohio. 

From  1872  to  1874  he  was  engaged  as  transitman  on  the  Baltimore 
and  Ohio  Railroad.  As  a  stndent  in  the  School  of  Mines,  Columbia 
University,  Mr.  Davis  published  his  *'  Formul»  for  Calculating  Rail- 
road Excavation  and  Embankment"  (1876),  which  was  immediately 
adopted  for  use  as  a  textbook  in  the  School  of  Mines  and  in  other 
Colleges.  He  had  entered  the  University  as  a  sophomore  in  1875.  At 
the  same  time  he  was  exhibiting  literary  ability.  In  October  of  that 
year  a  prize  offered  for  an  essay — the  contest  being  open  to  all 
students  of  Columbia— was  won  by  Mr.  Davis'  essay  on  **  Philosophy," 
published  in  Ada  Columbiana,  December,  1875.  Previous  to  that  time 
he  had  published  poems  and  articles  in  New  York  and  Ohio  news- 
papers. Now,  he  became  editor  of  Acta  Columbiana — 1876-1877 — and 
contributed  largely  thereto.  He  was  graduated  with  the  degree  of 
Civil  Engineer  in  1878,  when  he  was  Class  Historian. 

From  1879  to  1882  he  was  in  Tennessee,  where  he  surveyed  900  000 
acres  of  land — the  domain  of  the  Grundy  Mining  Company — extend- 
ing into  eleven  counties  of  Tennessee,  in  the  Cumberland  Mountains. 
This  position  demanded  not  only  ability,  but  also  courage  and  char- 
acter, for  the  mountain  squatters  and  woodsmen  were  dangerous 
people  who  resented  curtailment  of  their  self-made  privileges.  So 
conspicuous  was  the  success  of  Mr.  Davis  in  this  undertaking  that  he 
was  offered  another  civil  engineering  position  under  The  Tennessee 
Coal,  iron* and  Railroad  Company.  This  he  declined,  through  a 
desire  to  make  his  home  in  New  York. 

He  had  secured  the  degree  of  Doctor  of  Philosophy  from  Columbia 
in  1880 — chiefly  by  five  articles  published  in  Van  NoslrofuTs  Engineer- 
ing Magazine  in  1879.     These  were: 

"  A  New  Rule  for  Calculating  the  Contents  of  Land  Surveys, 

**  The  Prismoidal  Formula," 

**  A  New  Center  of  Gravity  Formula  of  General  Applicability, 

''A  New  and  General  Moment  of  Inertia  Formula, " 

**  A  New  Graphical  Method  for  Finding  the  Center  of  Gravity  of  a 
Polygon." 

In  1881  he  published,  in  the  School  of  Mines  Quarterly,  *' Inacces- 
sible Distances  in  Surveying  " — a  paper  written  in  collaboration  with 
Professor  Henry  S.  Munroe. 

In  1882  Mr.  Davis  instituted  the  Woodbridge  Preparatory  School, 
and  conducted  it  with  success  until  1897.  As  an  educator  he  approved 
himself  to  the  public.  He  had  the  power  of  elevating  the  moral  as 
well  as  the  intellectual  standard  of  his  pupils.  His  personality  was 
winning  and  his  influence  great. 

In  1883  he  contributed  a  chapter  to  Davies'  *'  Surveying."    In  1884 
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he  was  appointed  Examiner  of  Ciyil  Engineers  for  New  York  City,  in 
the  Mnnicipal  Civil  Service  Examination  Board,  being  the  first  to 
hold  suoh  a  position  in  this  city.  Papers  descriptive  of  the  Civil 
Service  Examinations  appeared  in  Engineering  News  in  1895. 

In  1884  Mr.  Davis  was  one  of  the  Committee  of  Ten,  appointed 
from  the  Alnmni  of  the  Columbia  School  of  Mines,  for  the  purpose  of 
examining  the  condition  of  the  school  and  making  beneficial  sugges- 
tions. The  report  of  the  Committee  embodied  fifty -five  recommenda- 
tions in  regard  to  changes  in  the  curriculum  and  the  standard  of 
admission. 

For  several  years  Mr.  Davis  had  spent  time  in  research  for  the 
purpose  of  preparing  a ''Biographical. Chart "  designed  to  present 
comprehensively  the  names  of  those  most  eminent  in  any  department 
of  the  world's  effort,  some  knowledge  of  whom  would  be  included 
in  a  scheme  of  general  culture.  The  arrangement  of  the  chart  gave  a 
clear  notion  also  of  the  prevailing  lines  of  industry  at  different  periods. 
It  was  finished  in  1888. 

In  1889  he  published,  in  the  School  of  Mines  Quarterly,  under  the 
title  ''Chronology  of  the  Human  Period,"  an  interesting  chart  exhib- 
iting the  principal  scales  used  in  the  division  of  prehistoric  time  in 
their  chronological  inter-relation. 

His  book,  "Dynamics  of  the  Sun,"  was  published  in  1891.  Its 
importance  was  recognized  by  eminent  scientists. 

In  the  same  year,  with  John  B.  Farrington,  he  secured  a  patent  on 
an  electric  motor  for  statical  electricity  adapted  to  the  use  of  students, 
and  to  experimental  purposes. 

In  1892  he  perfected  his  invention  of  a  life-saving  kite.  The  J.  W. 
Davis  Foldable  Steerable  Kite  was  patented  in  1893.  Various  success- 
ful tests  of  its  assumed  ability  to  carry  a  hawser  weighing  a  ton  from 
a  ship  to  land  more  than  a  mile  away,  in  a  brisk  wind  such  as  blows 
on  shore  when  vessels  are  in  danger  of  shipwreck,  were  made  from 
islands  in  the  East  Biver,  across  Kill  von  Kull,  and  from  Brenton  Reef 
Lightship  to  the  shore.  The  trials  attracted  the  attention  of  newspa- 
pers and  scientific  journals  throughout  the  United  States.  They  were 
also  noticed  in  English,  French  and  Canadian  papers. 

In  1894  articles  by  Mr.  Davis  on  "  The  Kite  as  a  Life-Saver  at  Sea," 
and  "Some  Experiments  with  Kites,"  appeared  in  The  Engineering 
Magazine  and  in  Aeronautics. 

In  1893  he  patented  an  apparatus  for  lighting  buildings.  Models 
and  practical  tests  promised  to  be  so  expensive  that  Mr.  Davis  was 
compelled  to  defer  them.  On  the  completion  of  other  plans,  it  was 
his  intention  to  return  to  this  invention,  in  the  practical  outcome  and 
high  utility  of  which  he  had  great  faith. 

In  1895  Mr.  Davis  secured  a  copyright  on  "  How  to  Pronounce  the 
Names  that  are  Liable  to  be  Mispronounced  of  People  and  Streets  in 
the  Principal  Cities  of  the  United  States." 
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The  article,  '*  How  TranBiatory  Moyement  may  he  derived  from 
Vibratory  Movement,"  appeared  in  the  School  of  Mines  Quarterly  in 
1895.  A  review  of  ''Gillespie's  Surveying "  was  published  there  in 
1896. 

Mr.  Davis  now  became  anxious  to  devote  more  time  than  the 
conduct  of  his  school  would  allow  to  original  research  in  his  chosen 
lines  of  mathematical  physics  and  astro-physics;  therefore,  in  1897 
he  withdrew  from  the  school  and  engaged  in  the  solution  of  certain 
problems. 

In  Boston  in  1898  he  read  a  paper,  "Behavior  of  the  Atmospheres 
of  Gas  and  Vapor- Generating  Globes  in  Celestial  Space, "  before  a  meet- 
ing of  the  American  Association  for  the  Advancement  of  Science.  An 
abstract  was  published  in  the  Proceedings  of  the  Association  for  that 
year. 

In  1899  '*  Some  Properties  of  a  Gaseous  Sun  "  appeared  in  the 
School  of  Mines  (Quarterly, 

In  1901  the  Astronomical  Journal  contained  his  article  on  "The 
Eruptive  Energy  of  the  Stars,"  which  explained  the  generation  of 
stellar  atmospheres  by  subsidence  of  globes  composed  of  a  mixture  of 
gases  the  molecules  of  which  are  equal  in  thermal  capacity,  but  un- 
equal in  mass. 

In  the  same  year,  in  The  American  Journal  of  Scienoey  was  pub- 
lished "The  Motion  of  Compressible  Fluids,"  which  set  forth  his 
discovery  that  equations  of  motion  of  compressible  fluids  have  always 
two  solutions  representing  two  real  and  different  motions  of  the  fluid. 

Mr.  Davis  died  on  November  7th,  1902,  leaving  a  paper,  nearly  fin- 
ished, in  which  are  given  the  exact  solutions  of  the  equations  for  tidal 
waves,  solitary  waves,  and  sound  waves. 

Mr.  Davis  was  elected  an  Associate  of  the  American  Society  of  Civil 
Engineers  on  June  3d,  1885.  He  was  also  a  member  of  the  American 
Association  for  the  Advancement  of  Science,  the  New  York  Academy 
of  Sciences,  the  New  York  Mathematical  Society,  and  others. 


